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QUILL ON SCALPEL

This section provides a medium through which Canadian surgeons can declare themselves, briefly
and informally, on the day-to-day affairs of surgery.

To Drain or Not to Drain
For more than 50 years controversy
over the routine placement of drains
in cases of uncomplicated cholecystec
tomy has continued.
Kassum, Gagic and Menon in this
issue of the Journal (page 358) review
200 such cases. A group of 100 pa
tients who had no drains placed were
compared with 100 patients, matched
for age, sex and procedure, in whom
cholecystectomy with drainage was
performed during the same period.
This study, although relevant, does
little to resolve the controversy, and
the scientific reliability and signifi
cance of the results and conclusions
are questionable.
This retrospective, nonrandomized
review suffers) from all the inherent
disadvantages of such a study. In par
ticular, all cases in the group who had
drainage were performed by the same
surgeon while 56 of those in the sec
ond group were drawn from the files
of another surgeon. Differences in sur
gical technique alone could account
for the differences in results. Although
matching was done for age, sex and
the fact that cases were uncomplicated,
no information is given on length of
operation, presence of obesity, tech
nique of wound isolation, handling and
closure and technique of dealing with
the gallbladder bed, all of which may
be more relevant to matching and in
terpreting the results.
Many of the complications reported
by Kassum, Gagic and Menon were in
fections of the wound and drain site, or
postoperative fever, and it is important
in such a study that cultures of the bile
and gallbladder wall be routinely ob
tained in all cases. While the fre
quency of positive cultures is low in

patients with chronic cholelithiasis
without disease in the common bile
duct, operated upon electively, a corre
lation may exist between a positive bile
culture and the development of a
wound or drain infection.1 Those with
a positive bile culture may be more
prone to wound complications and in
fection when a drain is used, because
of the presence of a foreign body.
The principal argument for the
routine placement of a drain is that
it prevents bile peritonitis or subhepatic collection of bile in the rare, yet
unpredictable, event of copious leakage
postoperatively. Such leakage is usually
apparent on the wound dressings of
the first 24 to 48 hours. If such signs
are absent the drain should be removed
immediately. It is difficult to ration
alize the retention of drains for a mean
period of 5.9 days as in Kassum’s
study. This may predispose to a higher
frequency of infection. The method of
dressing the drain and whether an
open or closed system is used may
also be relevant. Stone, Hooper and
Mullikan2 recently reported a pros
pective randomized series of 51 ur
gent cholecystectomies; the frequency
of wound and intra-abdominal infec
tion was similar for patients without
drainage and patients with drainage,
in whom a Penrose drain was inserted
through a stab incision but a closed sys
tem into a sealed bag was used. Never
theless, when infection occurred in
patients with drainage, hospital path
ogens were the most commonly en
countered organisms while such or
ganisms were rare in patients without
drains who had infection.
One case of bile peritonitis requiring
reoperation occurred in the undrained
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group in Kassum’s series. There was
no such complication in the patients
with drainage. Since this is an uncom
mon occurrence, study of a very large
series will be necessary to ascertain its
true frequency and to substantiate
whether drainage will indeed prevent
its occurrence. Polk3 reported 252
cases of cholecystectomy; subhepatic
collections of bile failed to drain in
5% of those with Penrose drains but
in less than 1% of those with sump
tube drainage and suction. While these
percentages are unacceptably high, the
principles of a closed drainage system
with suction and the inherent disad
vantages of Penrose drainage into
a gauze dressing are clearly empha
sized. The nondependent nature of the
Penrose drain may account for its
failure to prevent the complications for
which it was inserted. The common
practice of allowing the bile and serum
to leak into wet dressings through
which exogenous bacteria can enter
the subcutaneous fat and around
which endogenous bacteria may pool,
may cause one of the very condi
tions it was meant to prevent (subhepa
tic infection) in addition to increasing
wound morbidity, particularly when
drains are brought out through the
wound.1,4 While most reports focus on
the question of whether to drain, the
question of how to drain appears more
pertinent.1,5
It is difficult to blame the presence
of the drain for the increased inci
dence of chest infections in the drained
group in Kassum’s study. The soft Pen
rose drain inserted through a small
stab incision to the subhepatic area
should have little effect on postopera
tive pain or respiratory splinting com297

pared with the subcostal operative in
cision used in this series. It is unclear
whether all patients with positive
sputum cultures had radiologic con
firmation of pulmonary infection. The
incidence of chronic obstructive pul
monary disease and the history of
smoking were not reported for each
group.
As Kassum, Gagic and Menon
have noted, postoperative pyrexia
and hospital stay are reportedly in
creased in patients with drainage.5,6
Although insertion of a drain may
contribute to a greater degree of
postoperative pyrexia in the first 48
hours, the importance of the differ
ence in Kassum’s study between the
mean temperature of 37.66°C in the
group without drainage and 37.83°C
in the group with drainage on the
first postoperative day is questionable!
The length of hospitalization will also
correlate with the time of drain re
moval. If drains are to be removed
over 5 to 6 days, hospital stay will
be prolonged. It is our practice to re
move the drain in 48 hours. The pa

tient is then discharged on the fifth
day after operation.
The paper by Kassum, Gagic and
Menon clearly indicates the need for
a large, well-designed, prospective,
randomized trial to answer the ques
tion of whether or not to use drainage
routinely in cholecystectomy. Stand
ardization of technique and duration
of drainage are critical. Routine cul
tures of bile and both preoperative
and postoperative chest roentgeno
grams are necessary and should be
correlated with the complications
recorded. The trial must include a
large number of patients so that a
sufficient number of major complica
tions, such as bile peritonitis, will be
seen to permit reliable statistical eval
uation. This may necessitate a multi
centre trial with its disadvantages and
considerable cost. Most surgeons are
content with routine short-term drain
age; so we might ask, What is it we
are trying to improve upon? In view
of the advantages of a closed drainage
system with suction, a small Hemovac
drain left in place for 24 to 48 hours

would be a notable improvement over
the theoretical and perhaps real dis
advantages of Penrose drains and
would allow the patient the comfort
and mobility common to soft rubber
drains.
M arvin J. W e x le r , m d , m sc ,
Assistant professor of surgery,
McGill University,
Royal Victoria Hospital,
Montreal, PQ

frsc [c ]
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SI “Inches” Forward.
3. Moles, Osmoles and Medications
Designation of the mole as a base unit the definition of the osmotic properties
was a unique contribution of the Sys- of solutions, their measurement or the
teme international d’unites to the terms in which they were reported.
metric system. Defined as an amount These properties are defined in two
of substance (number of particles), the ways and measured by two different
mole is independent of particle weight methods. Osmotic activity is measured
or size. When dissolved in water to either by determining the depression in
make a litre of solution it provided the the freezing point of a solution or by
base for quantitative volumetric rela utilizing semipermeable membranes and
tionships that led to the development of reporting the height of a column of
water which can be developed. Usually
titrimetric measurements.
Some years ago, the osmotic proper the freezing-point method is used.
ties of biological fluids were of little Osmotic properties occasionally are re
clinical importance. Recently, however, ported as millimetres of mercury, but
it has been recognized that hyper generally the terms are osmoles or milosmolar states relate to diabetic coma, liosmoles.
Colloid osmotic pressure (oncotic
that osmotic diuretics have particular
renal properties and osmotic precepts pressure) is that fraction of the total
underlie the treatment of cerebral osmotic pressure caused by the proteins
edema. Renal disease is now defined in a biological fluid. It is a feature of
in terms of urinary and plasma osmotic plasma created by a difference in the
abnormalities and the osmotic proper concentration of protein across the
ties of plasma proteins have a role in semipermeable capillary membrane sep
hypoproteinemic states and in the arating plasma from the interstitial
edema associated with malnutrition. fluid. This is frequently given in milli
High caloric intravenous and enteric metres of mercury, thus relating it to
feedings have given further impetus to hydrostatic pressure of blood. There
clinical interest in hyperosmolar states. is a direct conversion factor to kilopasUntil the SI system was introduced cals, but the editors of the Canadian
there was no universal agreement about Journal of Surgery think it appropriate
298

to continue publishing osmotic or on
cotic pressures either as milliosmoles or
millimetres of mercury with conversion
to kilopascals or the use of N/nT when
appropriate.
Osmolar versus Osmolal

Use of the terms osmolar or osmolal
when reporting the osmotic activity of
biological solutions is controversial. In
most situations, the two are so numer
ically similar that differences may be
ignored in biological work. A one
osmolar solution is defined as one mole
of substance dissolved in one litre of
solution. This solution will always con
tain less than one litre of water, and
the amount by which it falls short of
the full litre of water is determined by
the size of the molecule or amount of
dissolved substance, or both. A one
osmolal solution is defined as one mole
of substance dissolved in one kilogram
of water. This gives a volume of solu
tion which is always greater than one
litre, but which has a precise and de
fined relationship between the quantity
of solute and the quantity of water. A
solution with an osmolality of 1 de
presses the freezing point by 1.86°C
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and creates an osmotic activity across
a semipermeable membrane of 22.4 at
mospheres (17 024 mm Hg or 2264
KPa).
Osmolality is an ideal and desirable
concept but one that cannot be realized
in clinical work. Biological solutions
such as plasma or urine contain many
compounds in varying concentrations.
All of the compounds contribute to its
osmotic activity, much as the law of
partial pressures relates various gaseous
components to the total gas pressure,
but since the dissolved compounds have
different molecular weights and con
centrations, the osmotic relationship is
to the volume of solution not to the
weight of water. To measure the os
molality of a solution containing many
different ions or compounds, or both,
one must identify the quantity of water
in mass terms and then relate each com
pound to it. Usually this is impossible.
Depression of the freezing point of a
biological solution is easy to determine
giving the osmolarity of a complex solu

tion rather than its osmolality. The
numerical difference between concen
trations expressed in osmolar or osmolal
terms is insignificant and in clinical
practice it is immaterial which term is
used, although these differences must
be dealt with in the world of refined
physiology or biophysics. In measuring
biological fluids clinically, the osmotic
activities are measured as osmolarity
and the Canadian Journal of Surgery
will accept either osmolarity or os
molality as the author desires.
Drug Doses

The Systeme international d’unites
will probably be of greatest clinical
value when it is used in the measure
ment of drug dosage. At present, the
dose of a drug is measured by weight
of the compound (grams, milligrams or
grains) with no reference to the relative
weight of the molecules that constitute
the drug. We learn the relative effect
iveness of drugs as properties of weight,
not as properties of molar quantity, that

is, we recognize 15 mg of morphine and
75 mg of meperidine as being roughly
equivalent, without reference to the
number of molecules of each in a com
parable dose.
In accordance with Canadian regula
tions, and following a tradition initiated
by “sixth molar lactate”, electrolytes for
intravenous administration are pack
aged in terms of moles, millimoles or
milliequivalents. It is hoped that this
trend will be followed with injectable
drugs and oral medications, dosing by
amount rather than weight of substance
and permitting an assay of relative
drug effectiveness in terms of numbers
of molecules rather than weight of the
molecule. Recognizing that some com
pounds are still insufficiently identified
to be reported in molar terms and that
weight measurements are required, we
ask our contributors to make mole con
versions as additional information
whenever possible.
C.B. M ueller
Coeditor

Infected Joints in Children
Loss of life or loss of limb are no
longer the expected end result of an
infected joint in a child. Ankylosis, joint
destruction and even mild joint in
congruity should be considered as fail
ures of treatment. Eradication of the
infection, especially in the absence of
osteomyelitis, is not difficult to achieve.
Absence of symptoms and of functional
disability, even when there is some an
atomical alteration of the joint, is the
rule in the short term. Symptoms from
a joint which is not anatomically normal
arise from the degenerative changes
that are sure to take place, but which
take many years to develop. Thus, an
assessment of prognosis should be based
on the roentgenographic changes that
are present at the end of the initial
treatment and in the early follow-up
period. An “excellent” result must in
clude a normal roentgenogram.
How has this been achieved? To say
that antibiotics have made the major
contribution to success would be a halftruth. In fact the common use of anti
biotics may be detrimental: they are
too easily given and often in too small
dosage. They may so alter the course
of the infection that the time taken for
diagnosis may be prolonged, and, when
the diagnosis is made, the organism
cannot be identified and the appropriate
“narrow spectrum” antibiotic cannot be
given. Herein lies part of the secret of
success. Excess intra-articular pressure

in itself may compromise the circula
tion to articular and subarticular tissues.
This occlusion may also keep antibiotics
from getting to the joint. Some pus de
stroys cartilage enzymatically (because
of the release of staphylokinase). Thus,
it becomes important to make a diag
nosis early. This may not be easy
especially in very young children and
in the not-so-young who have been
inadequately treated with antibiotics,
as reported by Wiley and Fraser in this
issue (page 326) and by Griffin and
Green1 and Paterson.2 Once the diag
nosis is made or presumed, intra-artic
ular pressure can be relieved, the joint
cleansed of debris, appropriate antibio
tics delivered to the joint (and the sys
temic circulation where there is septice
mia) and the joint immobilized or at
least restricted to gentle, controlled mo
tion.
These are the principles. Some of the
means of application are still the subject
of debate. In the case of easily avail
able joints, such as the knee, aspiration,
washing and instillation of antibiotics
may be sufficient, but in others, espe
cially the hip, this is not enough. Arthrotomy of the hip is needed. Even for
joints other than the hip, arthrotomy
is a good procedure when there is any
doubt about the adequacy of needle
aspiration and cleansing of the joint.
Installation of an aspiration-irrigation
system and immobilization also are con
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troversial.1,2 Antibiotics should be used
as specifically as possible, in large
doses and for an ex'ended period (6
weeks, half of which should be by the
intravenous route). When no organism
is identified, difficulties arise. Penicil
lin is bactericidal and in large doses
may be effective even when an organ
ism is resistant in vitro. Care must be
taken that a toxic dose is not given
when ototoxic and nephrotoxic drugs
are used.3
Many joint aspirations are wasted
because the joint fluid is examined only
for bacteria. A fluid leukocyte count
of less than 5.0 X 109/1 is most likely
not from an infected joint. Conditions
other than infection may give high
leukocyte counts in joint fluid. The
long-term difference between a normal
joint and a joint with even mild residua
of infection may be so great that it is
worth while to treat every suspected
patient with great vigour even if a few
have an unnecessary arthrotomy.
J.L. Shugar, m d , frcs [c]
Associate editor
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ADJUNCTIVE TO REST
AND PHYSICAL THERAPY FOR THE
RELIEF OF MUSCLE SPASM
OF LOCAL ORIGIN ASSOCIATED
WITH ACUTE, PAINFUL
MUSCULOSKELETAL CONDITIONS

FLEXERIL
(CYCLOBENZAPRINE HYDROCHLORIDE TABLETS)
Relieves spasm without
interfering with muscle
function
Usually patients can be relieved of muscle spasm and not
experience general muscle weakness.
FLEXERIL" is not recommended for spasticity due to central
nervous system disease.

Prompt onset of action
Clinical improvement has been observed as early as the first
day of therapy in some patients. The full therapeutic response
often can be expected during the first week of therapy.

Simple dosage regimen

.......... ................Canada limited

HIGHLY EFFECTIVE SKELETAL MUSCLE RELAXANT

FLEXERIt

SKELETAL MUSCLE RELAXANT
INDICATIONS
As an adjunct to rest and physical therapy for relief of muscle spasm associated with
acute, painful musculoskeletal conditions.
Should be used only for short periods (up to two or three weeks), because
adequate evidence of effectiveness for more prolonged use is not available, and
because muscle spasm associated with acute, painful musculoskeletal conditions
is generally of short duration and specific therapy for longer periods is seldom
warranted.
It has not been found effective in the treatment of spasticity associated with
cerebral or spinal cord disease, or in children with cerebral palsy.
DOSAGE AND ADMINISTRATION
The usual dosage of FLEXERIL* is 10 mg three times a day, with a range of 20 to
40 mg a day in divided doses. Dosage should not exceed 60 mg a day. Use of
FLEXERIL is not indicated or recommended for periods longer than two or three
weeks.
CONTRAINDICATIONS
Flypersensitivity to the drug. Concomitant use of monoamine oxidase inhibitors or
within 14 days after their discontinuation. Acute recovery phase of myocardial infarction,
and patients with arrhythmias, heart block or conduction disturbances, or congestive
heart failure. Flyperthyroidism.
WARNINGS
Use for periods longer than two or three weeks is not recommended (see
INDICATIONS).
FLEXERIL is closely related to the tricyclic antidepressants, e.g., amitriptyline and
imipramine. In short-term studies for indications other than muscle spasm associated
with acute musculoskeletal conditions, and usually at doses somewhat greater than
those recommended for skeletal muscle spasm, some of the more serious central
nervous system reactions noted with the tricyclic antidepressants have occurred (see
WARNINGS below, and ADVERSE REACTIONS).
FLEXERIL may interact with MAO inhibitors. Hyperpyretic crises, severe convulsions,
and deaths have occurred in patients receiving tricyclic antidepressants and MAO
inhibitors.
Tricyclic antidepressants have been reported to produce arrhythmias, sinus tachycardia,
prolongation of the conduction time leading to myocardial infarction and stroke.
FLEXERIL* may enhance the effects of alcohol, barbiturates, and other CNS
depressants.
PRECAUTIONS
May impair mental and/or physical abilities required for performance of hazardous
tasks, such as operating machinery or driving a motor vehicle.
Because of its atropine like action, FLEXERIL* should be used with caution in patients
with a history of urinary retention, angle closure glaucoma, increased intraocular
pressure, and in patients taking anticholinergic medication.
Tricyclic antidepressants may block the antihypertensive action of guanethidine and
similarly acting compounds.
Use in Pregnancy: The safe use in pregnant women has not been established. There
fore it should not be administered to women of childbearing potential unless, in the
opinion of the treating physician, the anticipated benefits outweigh the possible
hazards to the fetus. Use in Nursing Mothers: Because it is likely that FLEXERIL* is
excreted in milk, it should not be given to nursing mothers. Use in Children: Safety and
effectiveness in children below the age of 15 have not been established.
ADVERSE REACTIONS
Most frequent: Drowsiness (40%), dry mouth (28%), dizziness (11%). Less frequent:
Increased heart rate (and several cases of tachycardia), weakness, dyspepsia,
paresthesia, unpleasant taste, blurred vision, and insomnia. Rare: Sweating, myalgia,
dyspnea, abdominal pain, constipation, coated tongue, tremors, dysarthria, euphoria,
nervousness, disorientation, confusion, headache, urinary retention, decreased bladder
tonus, and ataxia.
The listing which follows includes other adverse reactions which have been reported
with tricyclic compounds, but not with FLEXERIL* when used in short-term studies
in muscle spasm of peripheral origin. Some of these reactions (e.g., hallucinations)
were noted, however, when FLEXERIL’ was studied for other indications, usually in
higher dosage. Pharmacologic similarities among the tricyclic drugs require that each of
the reactions be considered when FLEXERIL* is administered. Cardiovascular:
Flypotension, hypertension, palpitation, myocardial infarction, arrhythmias, heart block,
stroke. CNS and Neuromuscular: Confusional states, disturbed concentration,
delusions, hallucinations, excitement, anxiety, restlessness, nightmares, numbness and
tingling of the extremities, peripheral neuropathy, incoordination, seizures, alteration in
EEG patterns, extrapyramidal symptoms, tinnitus, syndrome of inappropriate ADH
(antidiuretic hormone) secretion. Anticholinergic: Disturbances of accommodation,
paralytic ileus, dilatation of urinary tract. Allergic: Skin rash, urticaria, photosensitization,
edema of face and tongue. Hematologic: Bone marrow depression including
agranulocytosis, leukopenia, eosinophilia, purpura, thrombocytopenia. Gastrointestinal:
Nausea, epigastric distress, vomiting, anorexia, stomatitis, diarrhea, parotid swelling,
black tongue. Rarely hepatitis (including altered liver function and jaundice). Endo
crine: Testicular swelling and gynecomastia in the male, breast enlargement and
galactorrhea in the female, increased or decreased libido, elevation and lowering of
blood sugar levels. Other. Fatigue, weight gain or loss, urinary frequency, mydriasis,
jaundice, alopecia. Withdrawal Symptoms: Abrupt cessation of treatment after pro
longed administration may produce nausea, headache, and malaise. These are not
indicative of addiction.
FULL PRESCRIBING INFORMATION
AVAILABLE ON REQUEST

AVAILABILITY
Ca 3358-Tablets FLEXERIL* 10 mg,
are butterscotch yellow, film-coated, D-shaped
tablets, coded MSD 931. They are supplied
in bottles of 100 and 500 tablets.
FXR-9-472-JA
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This list is an acknowledgement of
books received. It does not preclude
review at a later date.
Advances in Nephrology from the Necker
Hospital. Volume 8, 1979. Edited by

Morton H. Maxwell, Jean Hamberger,
Jean Crosnier and others. 429 pp.
Illust. Year Book Medical Publishers,
Inc., Chicago, 1979. Price not stated.
ISBN 0-8151-4117-3.
The Complete Handbook for Medical Se
cretaries and Assistants. 2nd ed. Jean

Monty Doyle and Robert Lee Dennis.
619 pp. Illust. Little, Brown and Com
pany (Inc.), Boston, 1978. $15, paperbound. ISBN 0-316-18082-3.
Early Therapeutic, Social and Vocational
Problems in the Rehabilitation of Per
sons with Spinal Cord Injuries. Edited

by Marian Weiss. 378 pp. Illust. Ple
num Press, New York, 1977. $45.
ISBN 0-306-31075-9.
Functional Neurosurgery. Edited by
Theodore Rasmussen and R. Mari
no Jr. 278 pp. Illust. Raven Press, New
York, 1979. $22. ISBN 0-89004-228-4.
Graft

Materials

in

Vascular

Surgery.

Edited by Herbert Kardik. 425 pp.
Illust. Symposia Specialists Inc., Miami;
Year Book Medical Publishers, Inc.,
Chicago, 1978. Price not stated. ISBN
0-8151-2272-1.
A Handbook of Surgical Diathermy. 2nd
ed. J.P. Mitchell, G.N. Lumb and A.K.
Dobbie. 127 pp. Illust. John Wright &
Sons Ltd., Bristol, 1978. Price not
stated. ISBN 0-7236-0449-5.
Immunotherapy of Human Cancer. The
University of Texas System Cancer
Center M.D. Anderson Hospital and
Tumor Institute 22nd Annual Clinical
Conference on Cancer. 417 pp. Illust.
Raven Press, New York, 1978. $35.
ISBN 0-89004-263-2.
The Injured Knee. Edited by J.C. Kenne
dy. 257 pp. Illust. The Williams & Wil
kins Company, Baltimore, 1979. Price
not stated.
Manual of Emergency and Outpatient
Techniques. Washington University De

partment of Surgery. Edited by Allen
P. Klippel and Charles B. Anderson.
433 pp. Illust. Little, Brown and Com
pany, Boston, 1979. $10.95, spiralbound. ISBN 0-316-49868-8.
Nouveau traite de technique chirurgicale.

Tome XV. Urology. 2nd ed. R. Couvelaire et J. Cukier. Publie sous la direc
tion de Jean Patel et Lucien Leger.
856 pp. Illust. Masson, Paris, 1978.
Prix non mentionne. ISBN 2-22544594-X.
The Open Fracture. Assessment, Surgical
Treatment and Results. Peter Matter
and Willy-Werner Rittman. 106 pp.
Illust. Hans Huber Publishers, Bern,
Switzerland; Year Book Medical Pub
lishers, Inc., Chicago, 1978. Price not
stated. ISBN 0-8151-5779-7.
Pediatric Surgery. Volume 1 and 2. 3rd
ed. Edited by Mark M. Ravitch, Ken
neth J. Welch, Clifford D. Benson and
others. 1622 pp. Illust. Year Book Me
dical Publishers, Inc., Chicago, 1979.
Price not stated. ISBN 0-8151-7107-2.
continued on page 363
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A SPECIAL TRIBUTE

Memorial to Walter C. MacKenzie
1. Introduction
In addition to the tribute prepared
by Dr. R.A. Macbeth, a long-time as
sociate of Dr. MacKenzie at the Univer
sity of Alberta and currently executive
director of the National Cancer Insti
tute of Canada, seven of Dr. MacKenzie’s closest friends were invited to
provide personal remembrances of
him. This group includes:
Dr. Joel W. Baker; surgeon-in-chief
emeritus, Virginia Mason Clinic and
Hospital;
past-president,
American
College of Surgeons; Seattle, Washing
ton, USA.
Dr. J. Englebert Dunphy; professor
emeritus of surgery, University of Ca
lifornia School of Medicine (S'an Fran
cisco); past-president, American Col

lege of Surgeons; Hon. FRCS[C]; S'an
Francisco, California, USA.
Sir Andrew W. Kay; regius profes
sor of surgery, University of Glasgow;
past-president, Royal College of Physi
cians and Surgeons of Glasgow; Hon.
FRCS[C]; Glasgow, Scotland.
Professor Jan H. Louw; professor
of surgery, University of Cape Town;
Hon. FRCS[C]; Cape Town, South
Africa.
Professor G.B. Ong; professor of
surgery, University of Hong Kong;
Hon. FRCS[C]; Hong Kong.
The Rt. Hon. Lord Porritt; senior
surgeon (retired), St. Mary’s Hospital,
London; past-president, Royal Col
lege of Surgeons of England; Gover
nor-General of New Zealand (1967-

1972); Hon. FRCS[C]; London, Eng
land.
Professor Witold J. Rudowski; head,
department of surgery, director of the
Institute of Hematology, Warsaw; pro
fessor of surgery, Medical Academy
of Warsaw; past-president, Internation
al Federation of Surgical Colleges;
Hon. FRCS[C]; Warsaw, Poland.
Absent from this list is professor
Nigel A. Kinnear, regius professor
emeritus of Trinity College, Dublin.
He held a special place among Walter
MacKenzie’s friends, as did the coun
try he represents. Unfortunately, a
lengthy strike of the entire communi
cations system of Eire prevented the
invitation being extended to him.

2. Walter C. MacKenzie, OC, BSc, MD, CM, MS, FACS,
FRCS[C], Hon FRCS, Hon FRCS(Edin), Hon FRCS(lre),
Hon FRCS(Glas), LLD(McGill), LLD(Dalhousie),
LLD(Manitoba), 1909-1978
On Dec. 15, 1978, an era of Canadian
surgery came to an end with the
death of Walter MacKenzie. His aca
demic surgical life spanned the 30year period immediately following the
Second World War, a period during
which Canadian surgery came of age.
He was richly endowed and ideally
prepared by natural talent, by training
and by character to be the architect
of that transformation and he spared
no effort during his lifetime in assur
ing that it was accomplished.
Walter’s
great - great - grandfather
came to Canada from Gairloch with
that hardy band of Scots who left
their homeland in 1812 with McLeod,
the Lionheart, to settle in Cape Breton.
Walter, himself, was born in Glace
Bay, Nova Scotia, but was brought up
in Sydney and Baddeck. The latter, a
village picturesquely situated on the
north arm of the Bras d’Or Lakes,
was his favorite and he loved to re
mind his friends, during a moment
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of reminiscence, that it was at Bad
deck, in the year of his birth, that
Douglas McCurdy piloted the first
airplane to be flown in the British
Empire, and here too that Alexander
Graham Bell spent the latter years
of his life in endless investigation and
invention. In Walter MacKenzie, Bad
deck boasts yet another distinguished
son.
Walter graduated from Dalhousie
University with his BSc in 1929 and
his MD, CM in 1933. It will come
as no surprise that he was awarded
the Malcolm Honour Society Medal
as the outstanding graduate in his me
dical class. Since those were the days
of undergraduate internships he was
able to embark, immediately upon
graduation, on his first year of sur
gical residency training at the Royal
Victoria Hospital in Montreal. How
ever, fate was to decree that Roches
ter, and not Montreal, was to be his
surgical alma mater. The offer of a
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fellowship at the Mayo Clinic proved
to be irresistible and in February 1934
he moved on to that mecca of Amer
ican surgery. Few, indeed, among the
innumerable fellows who take train
ing at “the clinic” are selected, after
careful grooming, for the position of
surgical first assistant. Walter MacKenzie was one of those chosen and
spent the last 15 months of his stay
in Rochester in that much sought af
ter appointment. He was also the reci
pient of the master of surgery degree
in the graduate school of the Univer
sity of Minnesota for his thesis on
benign and malignant polyps of the
stomach. The Mayo Clinic period was
characterized not only by the acquisi
tion of an exceptional surgical train
ing but, also, by the maturation of
deep and lasting friendships with many
of the greats in American surgery.
Upon completing his surgical train
ing he established practice in Edmon
ton as surgeon to the Baker Clinic.
However, this initial sojourn in the
West was to be a brief one, interrupted,
as were so many emerging careers,
by the Second World War. The transi
tion from surgeon to surgeon-com
mander in the senior service brought
with it new challenges, and in the 6
years that followed he served as sur
geon-in-chief to Royal Canadian Navy
hospitals in Esquimalt, St. John’s, Syd
ney and Halifax. He completed his
service career as surgical consultant
to the Royal Canadian Army Medical
Corps on loan from the navy.
However, the lure of the West, im
planted during that brief pre-war stay,
was not to be denied and in 1945 he
returned to Edmonton to establish in
dependent surgical practice. This event
initiated a distinguished academic sur
gical career which was to continue
for 33 years. In 1949 he became pro
fessor and chairman of the department
of surgery and, in 1959, dean of the
faculty of medicine at the University
of Alberta. He was the architect, and
the motivating force, in the transfor
mation of that medical school from
its parochial pre-war undergraduate
medical preoccupation to one provid
ing a complete spectrum of sophisti
cated medical care in its associated
hospitals, along with a highly regarded
program of postgraduate medical edu
cation to supplement its expanded
undergraduate curriculum, and an ac
tive program of surgical, and later
medical, research.
Although perhaps best known as a
surgical statesman and a citizen of
world surgery his greatest achievement
is perhaps the Health Sciences Centre
which he developed at the University
of Alberta. In 1944 at the time of
my graduation it was not uncommon

in medical circles outside Alberta to
find people who were completely un
aware that there was a medical school
in the province. Walter changed all
that. He early recognized, for example,
that one of the major weaknesses of
his surgical department was a lack
of facilities for basic research by cli
nicians. In 1953, due completely to
his efforts, the Alberta division of
the Canadian Cancer Society provided
funds for the construction of a re
search laboratory. It was officially to
be used for cancer research and named
the McEachern Cancer Research Lab
oratory but it was agreed that it was
to be utilized by Dr. MacKenzie’s
“boys” until it was required for the
purpose for which it was initially de
signed. By 1961, when that time came,
Walter had established his point and
the University provided him with the
1200 square metre Surgical-Medical
Research Institute which was the envy
of every other surgical department in
Canada. Walter himself did no bench
research, but he probably could have
achieved equal prominence as a sur
gical scientist had time permitted. He
had an uncanny ability to recognize
the research potential of ideas that
were exchanged at the surgical meet
ings he attended and on his return
it was difficult, as one of his “boys”,
to keep from being swept along by
the current of his enthusiasm for some
new research project.
In the field of medical education
his progressive influence was every
where apparent. He would not tolerate
mediocrity in instruction, and excel
lence in undergraduate surgical teach
ing was a departmental priority which
gained widespread student recognition
during the time he was chairman of
the department. Before the Second
World War, organized surgical resi
dency training was available in Can
ada, at least in anglophone universi
ties, only at McGill and Toronto.
Following the war, postgraduate resi
dency programs were initiated at the
University of Alberta under the guid
ance of Dr. M.R. Marshall. However,
it was the surgical program that “took
off” and the stimulus was Walter MacKenzie. His residents soon recognized
that he demanded perfection in total
patient care from them and such was
their admiration of him that they gave
their all in order to obtain his appro
bation and to avoid any manifestation
of his disappointment in them. When
he became dean he espoused the holis
tic approach to medical care, a philo
sophy that had doubtless been a part
of his personal experience of surgical
practice, but which he had had little op
portunity previously to express verbal
ly. Although apparent at the time it
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is probably easier, in retrospect, to
recognize that he was the epitome of
the perpetual student. Moreover, he
was sufficiently flexible that he was
able to grow with the knowledge he
acquired. Even in later years his abil
ity to discard what had become second
rate or obsolete and to embrace new
and innovative ideas was remarkable.
The respect and loyalty he received
from his residents was reflected in
his own high regard for them and in
the pride he took in their later ac
complishments. Among the many tri
butes he received during his lifetime,
perhaps the occasion of the founding
of the Walter C. MacKenzie Surgical
Club by his former surgical residents,
at the American College of Surgeons
meeting in 1972, was among his most
cherished remembrances. He and Do
rothy subsequently travelled with the
club on memorable surgical pilgrim
ages to Scotland in 1974 and to the
Orient in 1977.
Because he had taken his surgical
training in the United States, Walter, in
1948, found himself a prime candidate
for the chairmanship of the department
of surgery at the University of Alberta,
but lacking the fellowship of the Royal
College of Physicians and Surgeons
of Canada. True, he was a diplomate
of the American Board of Surgery,
a fellow of the American College of
Surgeons, and had been certificated
in general surgery by the Canadian
Royal College, without examination,
in 1945. However, at age 39, a war
and over a decade following comple
tion of his surgical training, he found
himself facing the necessity of passing
the awesome Canadian fellowship
examination. What made matters
worse was that some of the residents
he was training were diligently prepar
ing for this very examination. It was
a scenario that had all the ingredients
of a tragedy. Walter freely admitted,
after he had achieved his surgical fel
lowship by examination in 1948, that
the equanimity that was so much a
part of the image he projected was
sorely tested during those pre-examina
tion months. However, from that time
on, his association with the Royal Col
lege was one of ever increasing res
ponsibility and recognition. It started
modestly with his appointment as an
examiner in surgery in 1952. How
ever, between 1960 and 1968 he served
on the Council and on innumerable
committees, and held a succession of
senior offices leading to the presidency
of the College from 1964 to 1966. In
1969 he was brought back as a mem
ber of the expanded executive to con
sider ways of solving the dilemma of
the dual examination:dual standard
of specialty recognition. His wise

counsel, and the respect in which he
was held by the profession, contrib
uted much to the ultimate solution
to that issue through the ratification
of the one-standard by-law at the 1973
annual meeting in Edmonton.
It is difficult to highlight some of
those outstanding attributes of Walter
MacKenzie’s character without plagia
rizing the tribute recently published in
the Forum of the Association of Cana
dian Medical Colleges, yet another or
ganization which he served as presi
dent. However, since there is likely
to be little overlap of audience, some
repetition is perhaps justified.
One of Walter’s outstanding attrib
utes was his ability to get individuals
to work together and to develop in
tense loyalty both to himself and to
the project at hand. Clearly, he could
not have accomplished all he did work
ing in isolation. His secret was, first
of all, to be prepared to work even
harder himself than he expected any
of his associates to work. He was
a prodigious worker. Second, if you
worked at something for Walter you
knew that your contribution would
receive full recognition. He wanted
his team to succeed and, if it did, he
saw to it that each participant received
due recognition for his part in that
achievement. He supported those he
judged to justify his trust with a loyal
ty as intense as that which he evoked
in those who worked with him.
He had an amazing ability to be
able to maintain an unerring and
catholic perspective which enabled him
to be loyal to each organization he
served. His knowledge of the Cana
dian surgical scene and his breadth
of vision excluded parochial, and as
sured unbiased, advice,with the result
that his opinion was highly valued.
The same was true of the global scene
for though he was clearly a great
Canadian and supported Canadian
medical institutions with pride, he had
an understanding of people and a
vision of surgical fellowship and col
laboration between nations that made
him much sought after as an emissary
and confidant to organizations and to
individuals around the world. Each
group he served knew that he would
be loyal to the principles to which
they mutually subscribed and that he
would not be looking over his shoulder
to see what would be in the best in
terests of his own department, uni
versity or country.
Here was a man who truly loved
people. He was gregarious and did
not enjoy being alone. In this one
respect he found the positions of de
partment chairman and dean difficult
since they tended to isolate him from

his associates. He used his home ex
tensively to provide an informal friend
ly atmosphere for resident seminars,
and it was frequently his custom after
a particularly difficult day, such as
one marked by a difficult operation
or an equally difficult faculty council
meeting, to make sure that he provided
a brief period when he might unwind
in the company of a friend or an
associate. He was good company and
good fun to be with but no jester.
At meetings he was invariably in the
company of friends whom he attracted
in large numbers and who frequently
represented many countries. The “Old
Groat House”, a historic Edmonton
landmark, was never before the scene
of so many gracious parties or served
as a home-away-from-home for so
many distinguished visitors as when
it was the home of Dorothy and Wal
ter MacKenzie. Their fame as hostess
and host is world wide and well de
served.
Many people who knew Walter only
moderately well considered him an
outstanding extemporaneous speaker.
They were only half right. He was,
indeed, an outstanding speaker but
if you got to know him well you
began to appreciate that he was ex
tremely disciplined, that he never wil
lingly left things to chance and that
he had trained himself to anticipate
demands and to prepare for them in
advance. In preparation for the clinical
congress of the American College of
Surgeons during his presidency of that

distinguished fellowship of surgeons he
wrote down in advance, with meticu
lous attention to detail, a verbatim
transcript of every public utterance
that was likely to be expected of him
during the week’s meeting. Clearly he
believed, like Pasteur, that chance
favours only the prepared mind.
It will come as no surprise that one
so gifted should be much honoured.
He was a member of over two dozen
distinguished societies and, of these,
he served almost half as president.
Previously mentioned, and among the
offices he most cherished because they
represented recognition by his surgical
peers, were the presidencies of the
Royal College of Physicians and Sur
geons of Canada and of the American
College of Surgeons. He is the only
person to have held both offices. In
addition, among his other prestigious
presidencies which brought him much
pleasure, one might mention those of
the International Federation of Sur
gical Colleges, the James IV Associa
tion of Surgeons, the Surgeons Travel
Club, the Canadian Association of
Gastroenterology, the Association of
Canadian Medical Colleges and the
Alumni Association of the Mayo
Foundation. In addition he was hon
oured with honorary fellowship in the
Royal College of Surgeons of England
and of Edinburgh, the Royal College of
Surgeons in Ireland, the Royal College
of Physicians and Surgeons of Glas
gow, the College of Surgeons of South
Africa and the Association of Surgeons

Walter MacKenzie receiving diploma of honorary fellowship in Royal College
of Surgeons of England from president Sir Arthur (now Lord) Porritt (left)
(May 9, 1963). Mr. Lawrence Abel is seen behind Dr. MacKenzie (reproduced courtesy
of Annals o f the Royal College o f Surgeons of England). Citation in honour of Dr.
Mackenzie by Professor Charles Wells is reproduced in Ann R Coll Surg Eng 33:
41, 1963
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of Great Britain and Ireland. Three Can
adian universities, McGill, Dalhousie
and Manitoba, have conferred on him
the honorary degree of LLD. Moreover,
he was appointed honorary surgeon to
Her Majesty the Queen from 1966
to 1968. It would be easy, and very
human, to find it difficult to accept
such worldwide recognition with hu
mility. However, Walter did. He ac
cepted these and many other honours
graciously and with dignity and mo
desty in the belief that, through him,
Canadian surgery and medicine were
being accorded international recogni
tion.
It would become tedious to record
his 13 distinguished lectureships and
professorships. However, the Moynihan Lectureship of the Royal College
of Surgeons of England, the Sir Ar
thur Sims Commonwealth Travelling
Professorship to the West Indies,
Africa and Great Britain, and the Digby Lectureship of the University of
Hong Kong are of particular interest.
He was also the recipient of the Out
standing Achievement Award of the
University of Minnesota and the Alum
ni Golden Jubilee Award of the Uni
versity of Alberta.
Canada, too, has recognized her na
tive son through the awarding of the
Centennial Medal in 1967 and the
accolade of officer of the Order of
Canada in 1971. He was, in addition,
the recipient of the Duncan Graham
Award of the Royal College of Phy
sicians and Surgeons of Canada in
1971, and in 1974 received the F.N.G.
Starr Award, the most prestigious
award of the Canadian Medical As
sociation.
It is no easy task to present a pic
ture of a man whose life has been
so incredibly full, whose accomplish
ments have been so prodigious and
whose honours have been so numerous
that their mere enumeration eventually
defies presentation in narrative form.
One begins to feel that the message
that here was a vibrant and utterly
charming individual may be lost. Wal
ter MacKenzie was a man who made
a friend out of all those he touched
and about whom all had their own
stories to tell. He was a stimulating
teacher, an outstanding surgeon, a
compassionate physician and a medi
cal administrator - statesman without
equal. However, he was, above all, a
man of great charm and warmth of
personality.
When the mandatory age of retire
ment from the University of Alberta
arrived Walter accepted it graciously.
Very appropriately it was announced,
at a testimonial dinner marking the
occasion, that his name was to be
perpetuated at the University of Al

Walter MacKenzie speaking to Dr. Allan D. McKenzie (centre), then professor and
chairman, department of surgery, University of British Columbia during regional
meeting of Royal College of Physicians and Surgeons of Canada, Vancouver, Oct. 23
and 24, 1964. Dr. Johannes Mortens (left) distinguished orthopedic surgeon from
Copenhagen was 1964 McLaughlin-Gallie Visiting Professor.
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berta and University Hospital through
the establishment of the well-endowed
Walter MacKenzie Visiting Professor
ship. However, Walter’s friends knew
that he was too dynamic an individual
to accept retirement and all waited
in anticipation to learn of his choice
of a second career. Even before uni
versity retirement he had accepted a
position as chairman of a government

commission on motor vehicle accidents
and suicides in the province of Alberta
but it was recognized that that would
not offer him sufficient continuing chal
lenge. In 1975 he accepted an appoint
ment as executive director of the Al
berta Provincial Cancer Hospital
Board. This was no retirement posi
tion but rather one that would have
utilized the full talents of the most

Sir John Bruce reading citation in honour of Walter MacKenzie on occasion of
conferring of honorary fellowship in Royal College of Surgeons of Edinburgh (June
30, 1965). Sir John is at lectern, Professor G.I. Scott, president of College, is to right.
Dr. MacKenzie stands flanked by Sir Donald Douglas, Dr. O.H. Wangensteen and
Sir Walter Mercer (seated, right to left) (reproduced courtesy of Journal o f the Royal
College o f Surgeons o f Edinburgh). Sir John’s citation and Dr. MacKenzie’s address
to diplomates appears in J R Coll Surg Edinb 11: 74, 1965.
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able of administrators. Walter held
the position for 3 years, as he said he
would, and achieved the three objec
tives he established for the position
in that time, as his friends knew he
would. At the time of his death he
had been retired from this post only
4 months.
It seems difficult to believe that one
whose professional life was so demand
ing could find time for anything else.
However, Walter did. He had a rich
family life and, as his close friend
Joel Baker notes in his reminiscence,
he found time as he passed through
life to smell the flowers. While his
friends may disagree as to Walter’s
most significant surgical contribution
they all agree that the wisest decision
he ever made was to marry Dorothy
Rosier in 1938. They complemented

each other to a degree not often seen
and one suspects that Dorothy’s viva
ciousness and joie de vivre were proba
bly what kept Walter on an even keel
when the weight of his responsibilities
became unbearable. In addition, his
two sons, Kim and Rick, and his
daughter, Sally, brought him much joy
as did their wives and husband and,
with time, his grandchildren. Doubtless
he gained much of the strength he
required for his demanding life from
the love and support that surrounded
him in his home.
What can one really say as a tribute
to a man who has been the recipient of
virtually every distinction that he
could possibly receive? Nothing, I sus
pect, but to record that those of us
Who had the good fortune to know
Walter, and to walk with him, were

very much the better for his having
touched our lives. In addition, if we
assess the magnitude of his loss to
Canadian surgery realistically we can
not help but be concerned that there
is no single individual who is capable
of taking up the torch which he car
ried on our behalf with such distinc
tion. Therein, perhaps, lies the chal
lenge to those of us who are much
in his debt since, together, it may be
possible to maintain some of the mo
mentum which he gave to the philo
sophy of a worldwide fellowship of
surgeons. We mourn his death as the
loss of one who loved life, was truly
a part of all he met and was, above
all, a wise counsellor and loyal friend.
B ob M acbeth

May 11, 1979

3. Tributes from the United States
In the space allotted for me to pay
tribute to a great person and valued
friend, I would like to speak of the
endearing qualities of Walter MacKenzie’s character as appreciated by
the many associations my wife Libby
and I have enjoyed over the past 30
years with Walter and Dorothy. The
offices held in Canadian, American,
British and international surgical as
sociations, his surgical expertise and
clinical judgement, his contributions
to the science of surgery and to the
responsibilities of organized medicine,
and the named lectures he was invited
to give in various countries are re
counted elsewhere in this tribute. Ex
ceptional in number, they did not just
happen, but were a recognition of the
superb combination in him of ability
and integrity, and they were evidence
of the goodwill ambassadorship this
Canadian and American surgeon ful
filled during his remarkable career.
In his innate modesty he preferred
to attribute them to the sponsorship
and partiality of friends rather than
to his own merit. Therein lay their
value for him and thus the more the
honours were added, the easier the self
less grace with which he carried them
and the more conscientiously he dis
charged the obligations of each office.
I first met Walter MacKenzie in
1949 when he was chairman of local

arrangements for the sectional meet
ing of the American College of Sur
geons in Edmonton. He was then but
a few years returned from war service
in the Canadian navy, yet was already
entrenched in the esteem of the Ed
monton profession. He and Dorothy

entertained all the program partici
pants for dinner in their home, and a
happy time was had by all. Dr. Fulton
Gillespie, chairman of surgery at the
University of Alberta, played the pi
ano and Walter made each of us feel
at home and of great importance to

Cocktails in hotel room before annual dinner of Royal College of Surgeons of
Edinburgh at which Walter C. MacKenzie Surgical Club was featured, Oct. 16, 1974.
Standing, left to right: Joel Baker, Maurice Mercadier, Les Willox, Sir John Bruce
and Walter MacKenzie. Seated in front: Jim Metcalfe.
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him, drawing each of us out on our
various surgical interests. This quality
was to characterize him throughout
his career. Residents and peers alike
enjoyed his company and seemed to
sense that any approach to him would
be met by interest, any problems with
shared concern, any advice given with
frank honesty. This feeling for him
carried beyond national boundaries,
and beyond age categories. So rich
were his friendships that to accom
pany him across a hotel lobby or on
the boardwalk at Atlantic City at a
surgical meeting would require triple
time as each surgeon would have a
greeting.
Two smaller surgical groups he
seemed to enjoy particularly were the
Surgeons Travel Club having about 40
members, and the club formed in 1973
by his residents, present and past, and
named after him the Walter C. Mac
Kenzie Surgical Club. The latter group
in 1974 was entertained in Scotland,
the land of his ancestors, by Professor
George Smith and his faculty at the
University of Aberdeen and featured
at the annual meeting of the Royal
College of Surgeons at Edinburgh.
Walter’s enjoyment of this trip with
“his boys” was constantly evident and
his responses to toasts at both places
were memorable in their warmth,
charm and dignity.
Tne Travel Club, which he attended
yearly from his initiation in 1950,
was hosted by him and Dorothy in
Edmonton in 1962 and again in 1975.
Both times his faculty presented an
excellent program at the University
of Alberta, which, in 1975, was fol
lowed by a rail trip by private car
(the railway president was a friend
of Walter’s) to Jasper where the pro
gram and fun continued. By now he
and Dorothy had a lovely home over
looking the river, with his son Kim
and family living next door. As their
house guests on this occasion, my
wife Libby caught him in a real di
lemma the morning of the departure
for Jasper — he had lost the 30 tickets
for the train,! But after a tense and
fumbling search they were found and

Walter’s contagious smile broke forth
as the crisis ended.
Two winters ago we were vacation
ing together in Hawaii. On the second
day, the waves knocked him over and
injured his knee. When he returned
to the condominium from the orthopediskywith a full length leg cast and
crutches) he promptly announced he
and Dorothy were going home. Libby
with equal firmness said “you are not”.
Walter, sensing he was outvoted, gave
in with “all right we stay, but only
on the condition that I receive no
sympathy”. For the remaining two
weeks he was the life of the party,
accepting his chair confinement, count
ing his blessings and not dwelling on
his troubles. Interestingly in the phone
communication with home the word
“wave” was interpreted as “whale”
and a curious reception awaited the
only man since Jonah to survive such
attack!
It is remarkable that this low key,
quiet-voiced, lovable man hadtime to
accomplish all he did at the University
of Alberta and on the surgical world

Born and raised in Canada, educated
professionally in both Canada and the
United States, Walter MacKenzie was
destined to be one of the greatest
catalysts of international surgical rela
tions and friendships. Many honours
and distinctions early in life made him
one of the most distinguished surgeons
in the world, but his keen interest
in what others were doing let the

mantle of greatness rest lightly on his
own shoulders. He led by example.
Everyone who met him wanted to be
counted among his legion of friends,
and through his friendships he had a
profound interest in surgical progress
in the Royal College of Physicians
and Surgeons of Canada, in the Amer
ican College of Surgeons, in the Inter
national Federation of Surgical Col
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Enjoying vin de pays at its very source on automobile trip through chateau country
o f France on way to meeting of International Surgical Society in Barcelona, Spain,
April 1973. Walter MacKenzie, third from left, with (in order to right) Dorothy MacKenzie and Libby Baker. Walter could “walk with kings — nor lose the common touch”.

scene and yet have such unhurried
time “to smell the roses along the
way”.
Possibly the intimate relationships
he enjoyed with so many world leaders
opened doors that expedited his ac
complishments. Certainly this influ
ence abetted by Dorothy’s fine hospi
tality made Edmonton and the Uni
versity of Alberta a must in the travel
schedule of international visitors, and
enhanced the growth and prestige of
the postgraduate programs and re
search laboratories there.
Two months before his death, he
presented an address at the clinical
congress of the American College of
Surgeons in San Francisco. He ap
peared in excellent health and little
did any of us then imagine our fare
well would be the last. He died a week
before Christmas. The void he left
with each of us can be but partially
eased by the rich memories we treas
ure.
J oel Baker
Apr. 23, 1979

leges, and in the many colleges
and societies in which he held honor
ary membership.
As I have written elsewhere, his un
timely death has cast a pall over the
world of surgery, but his memory
remains a shining light for all of us
to follow.
Bert D unphy
A pr. 20, 1979

T H E C A N A D IA N JO U R N A L O F SU R G ER Y

4. A Tribute From Scotland

Christened Walter Campbell MacKenzie, the family roots of our dear
friend and surgical colleague were
proudly declared. The bond between
Scotia and her children, be they sepa
rated by oceans or even by generations,
holds firm and there is no better
example than the ties that existed
between Walter and the land of his
forebears. Although saddened by his
recent passing it is still my pleasure,
as well as my privilege, to speak for
Scottish surgeons and pay tribute to
a man who loved the great profession
wliich he so signally adorned with a
deep and passionate love, who was
jealous of its honour and who strove
for the raising of standards of sur
gical care at the international level.
Let me first establish the kinship
which made Walter very special to
us in Scotland. In 1812, a hardy band
of Scots sailed from their homeland
in protest against the introduction of
music into the service of the fhurch
of Scotland and Walter’s great-great
grandfather, a MacKenzie from Gairloch, was among the protestors and so
established a branch of the clan Mac
Kenzie in Canada. Shortly after his
birth in Glace Bay in 1909 Walter’s
family moved to the nearby city of
Sydney and some 13 years later moved
on to the picturesque village of Baddeck on the north arm of the Bras
d’Or Lakes which virtually bisects
Cape Breton. Dr. MacKenzie always
loved this part of the world which he
knew like the palms of his skilled
hands and this may have been due, in
part, to its climatic and geographic
similarity to the rugged coastline of
his ancestors which he revisited when
ever opportunity presented. One such
occasion was in 1972 when Dr. Mac
Kenzie, who had been made an hon
orary fellow of the Royal College of
Surgeons of Edinburgh in 1965, came
to Glasgow to be admitted to the Royal
College of Physicians and Surgeons
of Glasgow as an honorary fellow.
The occasion is engraced on my
memory. Privileged to be his promoter
I referred to his Scottish ancestry and
to the hills and streams where once
his predecessors had trod: Walter
glanced at Dorothy and I can still

see his eyes misting over with emotion,
and he later told me that my native
land meant almost as much to him
as did his beloved Canada.
Prior to 1959, when it was my great
pleasure to pay a first visit to Edmon
ton, I was aware that Canadian sur
gery was dominated by MacKenzies
but that the greatest of these was
Walter. I experienced the manifest
sympathy and kindness which he reg
ularly extended to those younger than
himself, and I became one of the
many who will always have cause to
be thankful to him for wise counsel
and guidance given in his quiet, un
assuming, but decisive manner. By this
time he had steered the department
of surgery of the University of Alberta
to a position of world renown and
was about to hand over the chairman
ship of the department to my very
good friend Bob Macbeth in order
to devote more of his vast energies
to the administration of the faculty
of medicine. In this new role he again
revealed a capacity for seeing further
and more clearly than most, together
with the ability to achieve even the
most challenging objectives. As an ini
tiator he must surely have made a
few wrong decisions but these have
not been apparent; the wisest of many
wise decisions was made shortly after
completion of his surgical training at
the Mayo Clinic when he made Doro
thy his wife. This charming lady, to
whom fellows of the two Royal Col
leges in Scotland offer loving sympa
thy, welcomed me to the hospitality
of their home and it was even then
apparent to me that she must always
have been the major influence in
preserving balance in Walter’s hectic
life.
I doubt if any one man has done
more than Walter MacKenzie to foster
international relationships among sur
geons throughout the world. Respected
and loved over five continents and
renowned for his wisdom, judgement
and integrity, he was an almost auto
matic choice to preside over an inter
national surgical gathering. It is not
within my remit to enumerate these
societies, nor to list his many honours
and special appointments, but there
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is one surgical group that merits men
tion because of its strong connection
with Scotland and because its objec
tives were close to the heart of this
international surgeon. I refer to the
James IV Association of Surgeons
which was born on the night of Oct.
17, 1957, in Atlantic City, New Jersey.
Iain Aird of London, John Bruce of
Edinburgh and Bill Hinston of New
York, talking into the small hours of
the next morning, decided that a small
select society of surgical leaders from
the two great English-speaking com
munities could provide, through the
interchange of surgical travellers, a
bridge to facilitate exchange of surgical
knowledge and the creation of new
and lasting friendships. Recalling that
James, the fourth king of Scotland,
had been noted for his interest in
medical and scientific affairs and had
ratified the first charter of the Royal
College of Surgeons in Edinburgh in
1505, they gave this monarch’s name
to what is now a very lively association.
The importance of initial membership
was critical and, almost inevitably,
Walter MacKenzie was among the first
to be elected. He represented Canada
until his death and held each of the
top offices — director, vice-president
and president. Through his sponsor
ship a number of Canadian surgeons
have already benefited from travel to
England, Scotland and Ireland; his
judgement in the choice of young sur
gical ambassadors to these islands was
faultless and we here have benefited
from visits of such Canadian surgeons
as Angus McLachlin, Colin Ferguson,
Bob Macbeth, Claude Bertrand, John
Gutelius and others whom we now
regard not only as fellow labourers
in the surgical vineyards but as close
friends.
Scottish surgery acknowledges its
debt to Walter Campbell MacKenzie
and there are many among us who
will never forget nor fail to be grate
ful for the rich gift of his friendship
and wise counsel so freely offered us.
His life will continue to be an inspira
tion to all those who, through surgery,
wish to benefit mankind.
D r e w K ay

Apr. 20, 1979

5. A Tribute from South Africa
A

It gives me great personal pleasure
to contribute to the memory of one
of Canada’s most distinguished and
best loved surgeons and medical edu
cators. He was such a friendly man
and so humble despite his outstanding
achievements.
When I first met Walter MacKenzie
at a meeting of the James IV Associa
tion of Surgeons in 1967, I immediate
ly took a great liking to him because
of his warm friendliness and charm.
However, it was not until April 1975
when he visited South Africa in his
capacity as president of the Interna
tional Federation of Surgical Colleges
that I really learned to know and
appreciate him and his charming wife
Dorothy. At that time he delivered
the seventh Louis Mirvish memorial
lecture, at various centres in the coun
try, on surgical lesions of the pancreas,
a subject on which he was a world
authority. He also participated in an
interdisciplinary symposium on health
services in Southern Africa organized
by the College of Medicine of South

Africa and made most valuable con
tributions in the discussion. The high
light of his visit, however, was the
conferral of an honorary fellowship
of the College upon him on May 2,
1975. On this occasion it was my
privilege to read his citation and I
shall never forget the evening because
of his genuine response in which he
referred to me as a “very dear friend”.
This remark was typical of the frater
nal attitude that I had learned to recog
nize in Walter MacKenzie. Indeed just
prior to the ceremony Walter and
Dorothy had demonstrated their warm
heartedness by having me and my wife
to dinner in their hotel suite. Perhaps
we dined too well — on his flight
back to Canada, Walter had an attack
of acute cholecystitis and required
emergency operation on arrival home.
After his South African visit Walter
and I often corresponded; we met
from time to time at meetings of the
International Federation of Surgical
Colleges and the James IV Association
of Surgeons and became firm and life

long friends. Somehow he always did
the right thing at the right time and
knew how to bring joy to his fellow
men. I remember well a letter from
him early in 1977, tipping me off
about an honorary fellowship of the
Canadian Royal College which would
be conferred upon me in January 1978.
How considerate of him! I remember
as well the hospitality extended to
me and my wife when we visited Can
ada on that occasion — first at their
lovely home in Edmonton and later in
Vancouver. There was also their great
concern for my wife when she became
unwell in Vancouver. Walter MacKen
zie was indeed a gentle man, pos
sessed of a warm personality and
known for his friendliness and humi
lity. The latter is so well exemplified
by one of his favourite quotations: “I
have gathered a posy of other men’s
flowers, and nothing but the thread
that binds them is mine own.”
J an Louw
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Surgical patients don’t always eat
what they get.
Surgical patients are at nutritional risk,
and picking at their food is only one of the
factors involved. Fasting before surgery,
restricted post-op diets, latent
deficiencies and illness are other causes
which can put surgical patients under
severe nutritional stress.

Patients may need more than ‘diet as
tolerated’ when they’re about to undergo
surgery, or during convalescence from
surgery. They need a food that’s
complete, easy to take, easy to serve, and
flexible enough to be used in all surgical
situations.

6. A Tribute from Hong Kong

A friend once remarked to Walter
MacKenzie, “There is nothing be
tween Edmonton and the North Pole.”
Walter, in a characteristic reply, said:
“Although the climate is cold, the
hearts are always warm.” I have
known Walter for many years and
have yet to find another person more
warm hearted.
We met often at international
meetings and each meeting left
me richer than the previous one.
A bond of friendship developed
between us that was to deepen by our
visits to each other’s country. Walter
MacKenzie came to Hong Kong in
1971 to deliver the third Digby me
morial lecture of the medical faculty,
University of Hong Kong. At this time
he made many friends and became
“Walter” to all in Hong Kong.
His visit lasted 1 week and at any
time he could hold an audience cap
tive with stories of his travels around
the world. Referring to poor travelling

facilities in a country he would remark: “That country is so inefficient,
that I am not worried it will ever

conquer the world.” This allegory typifies Walter as a teacher.
His popularity as a teacher and

Walter and Dorothy MacKenzie with daughter-in-law Linda and son Kim during
picnic in New Territories, Hong Kong. Picture taken during visit of Walter C. Mac
Kenzie Surgical Club to Hong Kong, 1977.

r With Ensure, they get the com plete ^
nutrition they need in a delicious drink.
ENSURE is a delicious ready-to-serve
E liquid that delivers complete nutrition to
surgical patients. On the tray or as a
snack, ENSURE supplies quality protein,
^ fat, carbohydrate, essential vitamins and
minerals in a way that no hi-cal beverage
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ENSURE is ideal for surgical patients. It
has low osmolality, low solute load, and
low residue. And ENSURE is always
ready to use, by mouth or by tube, as a
supplement or as total meal replacement.
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mentor to his former residents re
sulted in the formation of the Walter
C. MacKenzie Surgical Club. This
unique group of surgeons visited the
Orient in 1977, accompanied by none
other than Walter himself and his
family. To me it was a memorable
visit, one during which I was fortu
nate enough to be elected a member
of this august body.
During this visit, I spent many hap
py days with the MacKenzies and
their group. The dinner at the Hyatt
Hotel was most enjoyable. Although
I have never known him to be other
wise, Walter was in high spirits. He
had a great zest for living and he
lived well.
The day following the night of the
banquet, Walter had himself measured
for two new suits. The tailor was a

little man who could not have weighed
more than 90 lb. Furthermore, his
height was barely 5 feet. He could
not speak or understand English and
I had to serve as an interpreter. Stand
ing next to Walter, he appeared like
John Hunter’s Sicilian dwarf beside
his Irish giant. At first he had some
difficulty measuring Walter’s shoul
ders, but he quickly solved this by
standing on a stool. All went well
and when it was over, Walter pro
duced a bottle of 30-year-old Scotch
and we all had a drink to celebrate
the occasion — it was 11 o’clock in
the morning! Shortly afterwards, we
were joined by the MacKenzie family.
As the day was fine, we decided to
go on a picnic. We spent a glorious
day in the country. The image of a
picnic basket with two bottles of red

wine, beside the Plover Cove reservoir,
which was constructed from the sea,
will always be alive in my memory.
When we returned to the city, we
planned another meeting for 1981,
but sadly fate dictated otherwise. We
all miss our beloved friend who was
first and foremost a son of Canada.
He represented all the best that came
from his ancestral Scotland and that
of the new world—his native Canada.
In the Orient, he will always be
remembered as a kind and gentle spirit
who could not be ruffled by any
provocative remarks. His spirit of
comradeship will live after him in his
surgical club which, I hope, will con
tinue to pay us visits.
G.B. O ng
Apr. 27, 1979

7. A Tribute from England
Edmonton, August of last year; a hot
Sunday morning on a lush green lawn
overlooking the North Saskatchewan
River and in hand a “Bloody Mary”
as only Walter could mix them, fol
lowed by a delightful lunch as only
Dorothy (beloved by her husband and
almost equally by their friends) could
make it; a few intimate friends and
easy wide-ranging conversation about
everything under the sun leading to
a warm, comfortable soporific after
noon — just a typical and quite char
acteristic MacKenzie atmosphere!
I thank my lucky stars that the
Commonwealth Games took me and
my wife to Edmonton for those happy
2 weeks, giving us a number of op
portunities to see and meet the Mac
Kenzies: a quiet dinner in the revolv
ing restaurant at the top of the Cha
teau Lacombe Hotel — just the four
of us and reminiscences galore; a birth
day party so generously given to me
at the University Faculty Club — an
occasion of bubbling good cheer; and
a farewell meeting at the old Mac
Kenzie house in Clifton Place, now
occupied by Kim (Walter’s Rhodes
Scholar son of whom he was so proud),
his charming wife Linda and the ob
viously and understandably adoring
grandchildren.
So often we had said “goodbye”
before in all sorts of places all over
the world with happy memories of yet
another good meeting and cherished
hopes of more to come before too

long. Little did we think that this Was
to be the last; that afternoon we flew
back to the United Kingdom and Wal
ter and Dorothy set off together for
a quiet recharging of the batteries
after a strenuous “Games” fortnight.
Jasper recalls one of the most me
morable trips my wife and I ever took
— with Walter and Dorothy in their
car after a surgical visit to Edmonton.
The first two nights were spent in the
log cabins of Jasper and on the first
of them, believe it or not, Walter
and I got lost in the woods! Our wives
had gone off in the car to see the
sights and Walter and I to get some
exercise, having arranged a meeting
place. I suppose, as was so often the
case with Walter, our conversation
got so intriguing and absorbing that
time and place became secondary con
siderations! However, using his fron
tiersman’s lore, Walter duly followed
a stream ultimately back to our agreed
rendezvous, nearly an hour late and
nearly dark, to find two rather per
turbed wives, full of pictures of roam
ing bears and just on the point of
contacting the police.
The rest of the trip was pure joy
— down that superb scenic route to
the luxury of Banff, advertising itself
as the venue for the next Winter
Olympics (which turned out to be a
pipe dream!), a delightfully rackety
night in Calgary and “home” via a
happy lunch with friends in Red Deer.
Just one of a hundred and one good
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memories of times with Walter. I re
member during an overcrowded meet
ing of the American College sharing a
room with him in something less than
a one-star hotel which was so uncom
fortable that we discussed far into
the night such pseudophilosophical
subjects as the dehumanizing effects
of modern surgery, the intrinsic value
of international medicine, the apprecia
tion of personal friendship (as exem
plified by our many mutual friends),
the relativity of moral and material in
terests, and, of course, religion espe
cially as applied to a doctor’s life.
Conversation with Walter was stimu
lating, interesting, educative, provo
cative — and always easy.
I remember the enormous pleasure
of being able, as president of the Royal
College of Surgeons of England, per
sonally to present him with his hon
orary fellowship of that College. I
remember his ever-vital presence in
Quebec when I received my honorary
fellowship of the Canadian College and
the Lucullan feast he master-minded
after that occasion! I could go on for
pages — so many places, so many
meetings, so many people, all happy
memories pervaded by his unique
personality.
I always felt there was much of
his eastern seaboard beginnings in
Walter; his continually fresh outlook
on life, sweeping away the irrelevant
details; his quiet courage in facing
difficulties (look at how he coped

with his personal physical problems
in later years); the unrecognized pow
er of his charming personality; his
rugged, almost unconscious, resistance
to everything that was evil and his
natural and joyous love of everything
that was beautiful and clean in people,
and in things, in thought and word
and deed — somehow it was redolent
of the sea,

This is a personal note. I leave to
others the stirring tale of his amazing
efforts as an international ambassador
of surgery and his very positive influ
ence, not only in surgery, on both sides
of the Atlantic. To me he was a man
among men, a unique and utterly loyal
friend. I shall always remember this
big man — big in mind and heart as
well as big in body, his happy unlined

welcoming face, those far-seeing in
quisitive eyes and the almost delicate
surgeon’s hands. He is for every reason
one can think about unforgettable,
and that is how we, who had the
great privilege of being his close
friends, want it to remain.
A rthur P orritt

Apr. 20, 1979

8. A Tribute from Poland
It is a great honour to be invited
to pay tribute to Walter Campbell
MacKenzie, one of the great surgeons
and medical statesmen of our time.
We first met many years ago at
one of the annual meetings of the
International Federation of Surgical
Colleges, where Walter was a Cana
dian representative. My first impres
sion of Walter was that of a most
friendly person of unusual kindness
and courtesy.
Since then we met frequently in
many countries of differing political
complexions. From the beginning of
our friendship it was clear that Wal
ter, with his broad horizons in con
temporary surgery, enthusiasm for in
ternational cooperation, deep interest
in problems of surgical training and
research was to be one of the pillars
of the International Federation of Sur
gical Colleges and its future president.
He was obviously dedicated to the Fe
deration’s objectives: the maintenance
and improvement of the standards of
surgery throughout the world. Walter
devoted much of his time to fulfilling
these objectives in the field of sur
gical education, research and other
aspects of the Federation’s endeavours.
In 1968 by extraordinary chance
one of my coworkers received a re
search fellowship at the University of
Alberta given generously by Dr. R.A.
Macbeth on the recommendation of
Walter MacKenzie, and in the same
year Walter and Ted Donald from
the University of Alberta visited our
department of surgery, in Warsaw. We
showed them some of our cases, dis
cussed the main lines in research and
described to them our system of sur
gical training in Poland. Walter was
in an excellent mood that day. We
had at that time six patients with hemo

philia A, all of whom were recovering
satisfactorily after elective surgery.
Walter said: “You are pulling my leg
Witold, I haven’t seen six hemophiliac
patients in our surgical department in
my whole life. One has to come over
to Warsaw to see them all in one
place, at one time recovering after
major surgery.” During our discus
sions Walter put forward some ex
tremely interesting ideas and principles
for the creative and effective work of
our department. That day I discovered
that Walter did not enjoy being alone
and later at dinner found out what
good company he was.
In 1971 I had an opportunity to
visit Edmonton when Walter was the
dean of the faculty of medicine at

the University of Alberta. It was a
great experience to see him with his
coworkers and associates, to observe
this unprecedented drive in academic
surgery and surgical research, and to
note at first hand his tremendous ca
pacity for work. I will never forget
his wonderful hospitality and the time
spent at his home. Edmonton became
close to my heart and I will always
remember the view of the North Sas
katchewan River from the windows
of Dorothy and Walter MacKenzie’s
home.
In 1972 the Polish Association of
Surgeons was unanimous in nominat
ing Walter as the president of the
International Federation of Surgical
Colleges. All officers in the Surgical

Walter MacKenzie and Professor Witold Rudowski discuss affairs of International
Federation of Surgical Colleges at Institute of Hematology, Warsaw, Poland, Novem
ber 1968.
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A M ajor A dvance in Controlling
U pper Gastrointestinal
Bleeding

Tagamet
(crnietidine)
Rapidly Controls
Bleeding
In hemorrhage due to
stress lesions, bleeding stopped
in most patients within 2-6 hours
after treatment with 'Tagamet'
began, and endoscopic reassess
ment at 24 hours showed that
57 out of 61 patients (93.4%) had
stopped bleeding.1
In an additional study with
'Tagamet' it was concluded "that
cimetidine is an effective agent for
controlling bleeding from hemor
rhagic gastritis, even in situations
where other medical and surgical
measures failed'',2

Permits Conservative
Surgical Decisions
"The histamine H2-receptor
antagonist, cimetidine, was used
in 27 patients with erosive gastritis,
and bleeding ceased in 24. There
is a prospect that such agents
will obviate the necessity of total
gastrectomy in the occasional
resistant cases in favour of conser
vative surgery."3

The H2 Receptor
Antagonist
7.
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^Tagamet

necessary when these drugs are administered
concomitantly.
Use in G astric Ulcer: Symptomatic response to
'Tagamet' does not preclude the presence of a
gastric malignancy.

T ablets and In jectio n

ADVERSE REACTIONS
Mild and transient diarrhea, muscular pain,
dizziness and rash have been reported in a
small number of patients during treatment with
'Tagamet' (cimetidine). A few cases of reversible
confusional states have been reported usually in
elderly, severely ill patients such as those with
renal insufficiency or organic brain syndrome.
Overdosage may have played a role in some
cases. These confusional states generally cleared
within 24 hours of drug withdrawal. T here have
been reports that a few patients have developed
mild non-progressive gynecomastia during pro
longed treatment. No evidence of induced
endocrine dysfunction was found, and the con
dition remained unchanged with continuing
'Tagamet' treatment. Rare cases of fever and
intersitial nephritis which cleared on drug with
drawal, have been reported. Some increases in
plasma creatinine and serum transaminase have
been reported.

(cimetidine)

(Product Monograph available to practitioners on
request.)
PHARM ACOLOGICAL CLASSIFICATION
Histamine H2-Receptor Antagonist
CHEM ISTRY
Chem ical Name:
Cimetidine is N '-cyano-N -m ethyl-N 1- [2 U(5-methyllH-imidazol-4-yl) methyl] thio] ethyl] guanidine.
Structural Formula:
ch2sch2ch2nhcnhch3

C
H
s
X
HN^ N

N-C=N

M olecular Formula: CioH,6N6S
ACTION
Cimetidine competitively inhibits the action of
histamine at the histamine H2 receptor, and thus
represents a new class of pharmacological agents,
the histamine H2-receptor antagonists.
Cimetidine is not an anticholinergic agent.
Studies have shown that cimetidine inhibits both
daytime and nocturnal basal gastric acid secretion.
Cimetidine also inhibits gastric acid secretion
stimulated by food, histamine, pentagastrin, caf
feine and insulin. Its ability to inhibit gastric acid
secretion via this unique mechanism of action
permits a new approach to the treatment of acidrelated gastrointestinal disorders.
Cimetidine is absorbed rapidly after oral adminis
tration. T he plasma half-life is approximately two
hours. The principal route of excretion is the urine.
T he degree and duration of inhibition of basal
and stimulated gastric acid secretion is doserelated; the data suggest that 80% or higher
inhibition throughout a 24 hour period can be
achieved by a dosage regimen of 300 mg four
times daily given with meals and at bedtime.
Cimetidine 300 mg reduced total pepsin output as
a result of the decrease in volume of gastric juice.
T he drug had no effect on the rate of gastric
emptying or lower esophageal sphincter (LES)
pressure.
INDICATIONS AND CLINICAL USE
'Tagamet' (cimetidine) is primary therapy for
conditions where the inhibition of gastric acid
secretion is likely to b e beneficial, such as:
—Duodenal ulcer
—Non-malignant gastric ulcer
—Gastroesophageal reflux disease
—Management of upper gastrointestinal
hemorrhage
—P ath olog ical h y p ersecretio n associated
with Zoliinger-Ellison Syndrome, systemic
m astocytosis and m ultiple en d ocrin e
adenomas.
CONTRAINDICATIONS
There are no known contraindications to the use of
'Tagamet' (cimetidine).
PRECAUTIONS
Use in Pregnancy; Nursing Mothers: There has
been no experience, to date, with use of 'Tagamet'
(cimetidine) in pregnant patients. Reproduction
studies performed in rats, mice and rabbits have
revealed no evidence of impaired fertility or harm
to the fetus due to 'Tagamet'. Studies have
demonstrated that 'Tagamet' crosses the placental
barrier. It is also secreted in the milk of animals.
'Tagamet' should b e used in pregnant or lactating
patients or women of childbearing potential only
when, in the judgment of the physician, the antici
pated benefits outweigh the potential risks.
Use in Children: Clinical experience in children
is limited. Therefore, 'Tagamet' (cimetidine) ther
apy cannot b e recommended for children unless,
in the judgment of the physician, anticipated
benefits outweigh the potential |risks. In very
limited experience, 20-40 mg/ kg per day has
been administered in divided doses by mouth or
intravenously.
U se in Im p aired R en al Fu n ctio n : B e ca u se
'Tagamet' (cimetidine) is excreted by the kidney, a
reduced dosage should normally b e administered
to patients with impaired renal function. (See
D O SA G E AND ADMINISTRATION)
Drug Interaction: In patients on coumarinty p e an tico agu lan ts, further prolongation of
the prothrombin time has been observed with
concomitant 'Tagamet' administration. For this
reason, close monitoring is recommended, and
adjustment of the anticoagulant dose may be

OVERDOSAGE
In cases reported to date, involving oral ingestion
of up to 10 grams of 'Tagamet' (cimetidine), no
untoward effects have been noted and recovery
has been uneventful.
Treatment: The usual measures to remove un
absorbed material from the gastrointestinal tract,
clinical monitoring and supportive therapy should
be employed. Studies in animals indicate that
assisted respiration may b e of value and that any
tachycardia may b e controlled by administration
of a beta-blocker.
DOSAGE AND ADMINISTRATIONADULTS
(Experience with 'Tagamet' in children is limited
and it has not been evaluated in clinical studies—
s e e PRECA U TIO N S).
In clinical studies 'Tagamet' (cimetidine) has b een
used in divided doses of up to 2400 mg a day.
DUODENAL U LC ER
T he recommended adult oral dosage for duodenal
ulcer is 300 mg four times a day, with meals and
at bedtime.
While healing with 'Tagamet' often occurs during
the first week or two, treatment should b e con
tinued for at least four weeks unless healing has
been demonstrated by endoscopic examination.
While some patients may require concomitant
antacids initially, 'Tagamet' alone has b een shown
to promote rapid relief of symptoms.
Daily maintenance therapy may be used for those
patients who would benefit from a reduction of
gastric acid secretion, as well as those patients
who are known to suffer frequent recurrence
of duodenal ulcers. Following healing, mainten
ance therapy for periods of 6 to 12 months may
be initiated at a reduced frequency of dosage,
with the last daily dose taken at bedtime. After
this period of maintenance, patients should be
reassessed periodically, preferably by endoscopy.
NON-MALIGNANT GASTRIC U LC E R AND
GASTROESOPHAGEAL R E F L U X D ISEA SE
The recommended adult oral dosage for nonmalignant gastric ulcer and gastroesophageal
reflux disease is 300 mg four times a day, with
meals and at bedtime. While healing of nonmalignant gastric ulcer may occur within the first
two weeks, treatment should be continued fo r at
le a s t six w eek s unless healing has been demon
strated by endoscopic examination.
While some patients may require concomitant
antacids initially, 'Tagamet' alone has been shown
to promote rapid relief of symptoms.
M ANAGEMENT O F U PPER
GASTROINTESTINAL HEMORRHAGE
In patients with upper gastrointestinal bleeding
of sufficient magnitude as to require blood
transfusions, 'Tagamet' should be administered
parenterally, preferably by intravenous injection
or intermittent infusion until 48 hours after active
bleeding has stopped. At this time an oral dosage
regimen may be instituted and should b e con
tinued for at least 7-10 days.
Recommended dosage for oral administration:
300 mg every 6 hours.
Recommended dosage for intramuscular injec
tion administration: 300 mg every 6 hours. Inject
the entire contents of a 2 ml ampul.
Recommended dosage for intravenous injec
tion adm inistration: 300 mg every 6 hours. Dilute
'Tagamet' in Sodium Chloride Injection (0.9%) (or

other compatible i.v. solution) to a total volume of
20 ml and inject over 1-2 minutes.
Recom m ended dosage for interm ittent in tra
venous infusion adm inistration: 300 mg every
6 hours. Dilute 'Tagamet' 300 mg in 100 ml of
D extrose Injection (5%) (or other compatible i.v.
solution) and infuse over 15-20 minutes.
In som e patients it may b e necessary to increase
dosage. W hen this is necessary, the increases
should b e made by more frequent administration
of a 300 mg dose, but total daily'dosage should
not exceed 2400 mg.
D O SAG E ADJUSTM ENT FO R PATIENTS
W ITH IMPAIRED R EN A L FUN CTION
U sage in patients with severely impaired renal
function has b een very limited. Cim etidine halflife has b een determined in patients with varying
d egrees of renal insufficiency to be:
C reatinine C learance Cimetidine Half-life
50-80 ml/min.
2.6 hr.
10-50 ml/min.
2.9 hr.
< 1 0 ml/min.
3.7 hr.
On this basis, the recommended dosage in those
patients who have creatinine clearance rates
lower than 10 ml/min., including those who are
anephric, is 300 mg every 12 hours orally or by
intravenous or intramuscular injection. Should the
patient's condition require, the frequency of
dosing may b e increased to every 8 hours or even
further with caution.
Hem odialysis: Greater than 80% of a 300 mg intra
venous dose is cleared in a single 4 hour period of
hemodialysis. It is completely cleared in an 8 hour
period.
P eriton eal Dialysis: Peritoneal dialysis does not
appear to remove cimetidine to any appreciable
extent.
PATH OLO GICAL H Y PE R SE C R E T O R Y
CONDITIONS (eg. Zoliinger-Ellison Syndrom e)
R ecom m ended adult oral dosage: 300 mg four
tim es a day with meals and at bedtime. In som e
patients, it may b e necessary to administer 3 00 mg
doses more frequently to control symptoms.
D osage should b e adjusted to individual patient
needs, but usually should not exceed 2400 m g per
day. If intravenous administration is required, the
dosage schedule should b e the sam e as that rec
om m ended for control of upper gastrointestinal
bleeding.
S P E C IA L C A SES
In patients in whom control of gastric acid secre
tion is desirable, the recommended oral dosage of
'Tagamet' is 300 mg four tim es a day, with meals
and at bedtime. If intravenous administration is
required, the dosage schedule should b e the sam e
as that recom m ended for control of upper gastro
intestinal bleeding.
Stability of injectable form: 'Tagamet' Injection
w hen added to or diluted with most intravenous
solutions, such as Sodium Chloride Injection
(0.9%) or D extrose Injection (5% or 10%), is stable
for 4 8 hours at normal room temperature.
'Tagamet' Injection should not b e refrigerated.
A VAILABILITY
Tablets: Pale green, circular, biconvex, film
coated tablets, each containing cimetidine 300 mg
(monogrammed S K F T13). Bottles of 100 tablets.
Injection: Each 2 ml dose contains cim etidine
HC1 equivalent to 300 mg of cimetidine, in S terile
Water for Injection. Preserved with phenol, 0.5% .
Ampuls of 2 ml, packaged in 10's.
BIB LIO G R A PH Y
Bibliography available to physicians and pharm a
cists upon request.
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Society of my country were extremely
happy when he was elected presi
dent on May 13, 1972 in Munich,
Germany. During his 3-year term
he demonstrated a priceless wealth
of ideas, a vision of surgical in
ternational cooperation and a wise
philosophy on all matters concerning
the activities of the Federation. He
organized and summarized three im
portant symposia of the Federation
in Barcelona (1973), Montreal (1974)
and Edinburgh (1975) on the vital
problems: “Is There a Common Educa
tional Core for Surgery in All Its
Branches?”, “The Responsibility for
Evaluation of Scientific Advances at
the Clinical Level” and “Accidents —
Their Morbidity and Mortality”.
It was my good fortune to serve
as vice-president of the Federation
during those 3 years so I was able
to observe closely the way in which
Walter guided the Federation through
his tenure as president. I succeeded him
as the president of the Federation in
1975, atid I wish to emphasize his
magnificent contributions to that body
and to stress that quality of perfor
mance was characteristic of Walter
throughout his long and distinguished
international career. The Federation
owes him a great debt for the wise
administration, great energy, tenacity
and determination he applied to sus
taining its welfare and activity. The
image of surgery that he projected was

a lofty and inspiring one and he con
stantly stressed the unity of surgery and
the necessity for the surgeon to be a
man of compassion as well as skill. Wal
ter’s inspiring role in international sur
gery and his high regard for the Polish
people, acquired during the Second
World War and based on lasting friend
ships he made with officers in the
Polish navy and, finally, his influence
on the training and education of
Polish surgeons in Edmonton, created
a special affection and admiration for
him among the surgeons of my coun
try. At the general assembly of the
Polish Association of Surgeons, held
in Lublin on Sept. 17, 1974, Walter
was elected an honorary member of
the Association. This added a new
dimension to our association, which
was founded by Rydygier in Krakow
in 1889, because in honouring Walter
we honoured ourselves and we have
forged a strong link between Cana
dian and Polish surgery.
Walter MacKenzie’s contributions to
the shaping of contemporary surgery
and to the attainment of high surgical
standards throughout the world were
innumerable. He will be always re
membered as a great surgeon, scholar
and teacher. He will be remembered
as a great human being devoted to
the idea that the human factor is es
sential in surgical education and train
ing and that the surgeon must have
many attributes, the most important

of which is integrity — a man who
lives in harmony with himself, his as
sociates and his patients. Walter was
the best example of the surgeon who
represents tact, humility, compassion
and genuine respect for others, loyalty
to the profession and to patients and a
capacity for hard work. Walter em
phasized on many occasions that these
human factors, so essential in an age
of technology and computer sciences,
are the most important elements com
mon to both general and specialized
surgery.
In his distant travels Walter was
always accompanied and supported by
his charming wife, Dorothy, whose
graciousness added so much to the
success of the annual meetings of the
International Federation of Surgical
Colleges. We mourn Walter MacKen
zie’s death as the loss of our close
friend, great academic surgeon and
scholar, and as the loss of a man
who loved people and life and whose
existence and activities were so deeply
devoted to others. The Polish surgeons,
as well as the fellows of other sur
gical colleges and associations, salute
the memory of Walter C. MacKenzie,
a great leader in surgery responsive
to the impact of the new scientific
age, whose influence will live on
among us for ever.
W itold R udowski

May 11, 1979

SESAP II Question
439 . An elderly diabetic patient who had a myocardial infarct three weeks ago is admitted to the hospital
with acute cholecystitis and a mass in the right upper quadrant of the abdomen. Twenty-four hours after
admission his temperature is 39.4 C (103.0 F), and his serum bilirubin concentration is 2.5 m g /100 ml.
Management of this patient should consist of
(A) cholecystostomy with local anesthesia
(B) exploration of the right upper quadrant using general anesthesia and appropriate procedure based
upon findings
(C) administration of massive doses of antibiotics and treatment for diabetes mellitus
(D) cholecystectomy alone
(E) cholecystectomy and common duct exploration

For the incomplete statement above select the completion that is best of the five given.
For the critique of Item 439 see page 330 of this issue.
(Reproduced by permission of the American College of Surgeons from SESAP II Syllabus: Surgical Educa
tion and Self-assessment Program No. 2. For enrolment in the Surgical Education and Self-assessment
Program No. 3 please apply to the American College of Surgeons, 55 East Erie St., Chicago, IL 60611).
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ROYAL COLLEGE PAPERS

Heparin via the Lung
C harles J. Wright ,

Only recently has it been realized that
heparin is absorbed when administered
into the lung. In mice, rats, dogs
and humans a large dose of intrapulmonary heparin has been shown
to cause a moderate degree of
hypocoagulability lasting from 48
hours to 14 days depending on the
species.
This study is part of an ongoing
program investigating the effects of
the intrapulmonary administration
of heparin. Heparin, 1500 units/kg
body weight was instilled into the lung
in a group of 12 dogs and an equal
volume of saline was given in a
control group of 10 dogs. Various
hemodynamic and metabolic
measurements were made at intervals.
As expected there was a prolonged
moderate increase in clotting time, but
no significant effects from
intrapulmonary administration of
heparin were demonstrated by any
of the other measurements.
Much work has yet to be done
before intrapulmonary heparin can be
used clinically but it has potential
importance in the management of
thromboembolic disease.

m sc , frcs [c] and

Louis B. J aques,

48 heures a 14 jours selon I’espece.
Cette etude fait partie d’un
programme de recherche en courant
sur les effets de I'heparine en
administration intrapulmonaire.
L’heparine, a raison de 1500 unites/kg
de poids corporel, a ete instillee
dans le poumon chez un groupe de
12 chiens, et un volume egal de
solute physiologique a ete donne a
un groupe temoin de 10 chiens.
Diverses mesures hemodynamiques e t
metaboliques ont ete effectuees
periodiquement. Tel que prevu, on a
assiste a un accroissement modere
et prolonge du temps de coagulation,
mais aucun effet significatif de
■'administration intrapulmonaire
d'heparine n'a ete demontre par
aucune autre mesure.
Une somme considerable de travail
reste a etre realisee avant que
('administration intrapulmonaire
d'heparine puisse etre utilisee en
clinique mais elle a un important
potentiel dans le traitement des
maladies thromboemboliques.

ph d, d sc

to 2000 units/kg body weight) into
the lung caused moderate hypoco
agulability, lasting from 3 days in
dogs to 14 days in man, due to the
production o f a sustained low con
centration o f heparin in plasma. Fur
ther work has shown that heparin
given by way o f the lung is rapidly
absorbed and taken up by macro
phages, endothelium and lymphatic
vessels throughout the body.6,7 It is
hypothesized that this “ cellular pool”
o f heparin is then slowly released to
cause the observed effects. N o toxic
effects attributable to heparin given by
this route have yet been observed in
any o f the species examined.
The study reported here is part o f
an ongoing research program designed
to investigate the safety and efficacy
o f intrapulmonary administration o f
heparin.

Materials and Methods

Heparin is a powerful anticoagulant
which is used extensively in clinical
practice; it is usually given intravenous
ly or subcutaneously. When heparin
was administered via the lung by in
halation to manage various pulmonary
problems1-4 it was noted that only min
imal effects on coagulation were pro
duced. The conclusion, which has
subsequently proven to be erroneous,
was that heparin is not absorbed by
the lung to any appreciable extent and
that this route of administration, there
fore, was of no value.
Recent work in mice, rats, dogs and
humans has demonstrated that heparin
is in fact rapidly absorbed from the
lung causing moderate but prolonged
hypocoagulability.5 In
all
species
the administration o f a single re
latively large dose o f heparin (1000

Adult mongrel dogs (average weight
20.8 ± 2.4 kg) were lightly anesthe
tized with 15 mg/kg body weight o f
pentobarbital sodium (Nembutal®) and
ventilated with
a Harvard
pump
(Harvard Apparatus Co., Millis, M A ).
Cannulas were inserted into a peri
pheral vein, the omocervical artery and
the right ventricle. The follow ing
measurements were made: mean ar
terial pressure (M A P ), cardiac output
(CO), arterial and mixed oxygen con
tent to calculate the arteriovenous oxy
gen difference (A V D O 2 ), oxygen pres
sure, carbon dioxide pressure and pH.
Cardiac output was measured by the
dye-dilution technique using indocya
nine green. The oxygen content o f
blood samples was measured on the
Lex-Os-Con oxygen analyser (Lexing
ton Instruments Corp.). Body surface
area (B SA) was calculated from the
following formula: BSA = K g % X
0.112 m2. From the BSA the cardiac
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index (Cl) and the oxygen uptake in
dex were calculated.
Whole blood clotting time (WBCT)
was measured by a standard modifica
tion of the Lee and White technique.8
Blood is aspirated in a glass syringe
and 1 ml is placed in each of three
glass tubes of internal diameter 8 mm
in a water bath at 37°C. At 30-second
intervals the first tube is gently tilted
and when the blood fails to flow the
second tube is tilted. The WBCT is
taken as the time at which the blood
in the third tube is clotted.
A single batch of porcine mucosal
heparin, 10 000 units/ml, was used.
The heparin was instilled at a dose
of
1500 units/kg
body weight
through the endotracheal tube in 12
dogs; an equal volume of saline instead
of heparin was given in a second group
of 10 dogs. The volume of solution
instilled into the lung was, therefore,
0.15 ml/kg.
The hemodynamic and metabolic
measurements were made after anes
thesia and then 1, 2, 3 and 24 hours
after giving heparin or saline. After
the 3-hour measurements were com
plete, anesthesia was discontinued and
the animal given food and water ad
libitum. For the measurement at 24
hours, a brief pentobarbital sodium
anesthetic was again given. The
WBCT was measured after the anes
thesia was first induced and then 1,
2, 3, 5, 24, 48 and 72 hours later.

heparin or saline were given. All the
hemodynamic and metabolic measure
ments remained within a normal range
throughout the experiments in both
groups. No change attributable to the
heparin could be identified. The small
but statistically significant (P < 0.02)
decrease in AVDCL at 2 hours and
the subsequent increase at 24 hours
were present both in the heparin and
saline groups. The fall in cardiac index
at 24 hours also occurred in both
groups, suggesting that the changes are
due to the anesthesia and the experi
mental procedures rather than to the
effects of giving heparin into the lung.
Discussion

Jaques, Mahadoo and Kavanagh,5
and Mahadoo6,7 have recently shown
that heparin is absorbed from the lung
and is distributed throughout the body
in. a cellular pool, consisting mainly
of macrophages and endothelium, to
cause a moderate but prolonged hypocoagulable state.
Several questions must be answered

to evaluate the safety and efficacy of
intrapulmonary administration of he
parin. The program of investigation, of
which this report is the first part, in
cludes studies of toxicity, protamine
titration and operative blood loss after
intrapulmonary administration of he
parin. Thereafter it will be necessary
to establish dose response curves in
patients and finally to conduct a ran
domized prospective clinical trial on
the efficacy of intrapulmonary ad
ministration of heparin in the pro
phylaxis of thromboembolic disease.
In the experiments reported here
there was a moderate increase in the
WBCT in dogs for 48 hours after
a single dose of 1500 units/kg body
weight of heparin was given by the
intrapulmonary route. Pilot experi
ments in humans have shown that
the same dose increases the WBCT
moderately for about 10 days.5 No
significant change was demonstrated
by any of the hemodynamic or meta
bolic measurements and it is concluded
that heparin may be instilled into the
lung at the time of operation without

WBCT
(% rise)

Results

The WBCT increased at 2 hours,
reached a peak at 24 hours and then
gradually decreased over 3 days in the
dogs given heparin (Fig. 1). At the
time of the peak effect the WBCT
increased to 9.3 ± 3.0 min (mean ±
1 standard deviation) from a control
value of 5.2 ± 1.0 min. In the group
given saline, the WBCT did not
change
appreciably.
The control
WBCT was 5.8 ± 1.6 min, at 2 hours
5.1 ± 0.7 min and at 24 hours 5.7 ±
0.8 min. Table I records the results
obtained at 2 and at 24 hours after

FIG- 1—-Whole blood clotting time (WBCT) after intrapulmonary instillation
of heparin, 1500 units/kg body weight. Points indicate mean ± 1 standard deviation.
IPH = intrapulmonary heparin.

Table I—Measurements Made at 2 and 24 Hours after Intrapulmonary Instillation of Heparin or Saline
Heparin
Measurement
Mean arterial pressure, mm Hg
Cardiac index, l/min • m2
Total peripheral resistance, mm Hg/I ■min
Arteriovenous oxygen difference, ml/dl
Oxygen uptake index, ml/min ■m2
Oxygen pressure, mm Hg
Carbon dioxide pressure, mm Hg
pH

Control
154
2.80
70
4.0
109
81
21
7.46

±
±
±
±
±
±
±
±

13
0.65»
15
1.5'
37
8
5
0.41

2h
155
3.13
65
3.3
98
77
20
7.44

±
±
±
±
±
±
±
±

Saline
24 h

11
0.74
15
1.3d
38
9
4
0.04

144
2.34
79
5.4
123
85
19
7.44

dh 14
± 0.57»
± 16
± 1.6'
± 33
8
± 3
db 0.04

Control
154
2.15
85
4.8
105
85
21
7.47

±
=t
dt
±
±
±
±
±

12'
0.34a
14
0.8°
21
11
4
0.04

2h
155
2.38
77
4.0
96
81
21
7.48

±
±
±
±
±
±
±
±

24 h
11
0.39
11
0.9d
24
14
4
0.05

142
9C
1.87
0.36b
89
19
5.5
1 6C
103
31
89
8
21 ± 4
7.46 =b 0.06

a versus b, P < 0.05;0 versus d, P < 0 .0 2;c versus % P < 0.01.
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risk of any pulmonary or oxygen
transport problem occurring. No toxi
city was observed in any of the ani
mals, and autopsies performed at in
tervals from 1 hour to 6 months after
intrapulmonary administration of he
parin disclosed no gross or histologic
abnormality of the lung or mediastinal
lymph nodes.
For perioperative prophylaxis of
thromboembolic disease the low-dose
heparin regimen, which is widely used,
now requires 12-hourly subcutaneous
injections for 5 days, with the attend
ant inconvenience, discomfort and po
tential risk of dispensing errors. For
long-term anticoagulant therapy in pa
tients with cardiac prostheses or severe
venous disease, warfarin is usually
given in preference to heparin only

because it may be taken orally. A
single weekly dose of heparin by intra
pulmonary instillation or aerosol in
halation would be useful in these cir
cumstances.
Further work is necessary to dem
onstrate the safety of instilling heparin
into the lung before it is used clinical
ly but this route of administration may
represent a significant advance in the
management of patients requiring long
term anticoagulant therapy and in the
perioperative prophylaxis of thrombo
embolic disease.
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The Carotid Body Tumour
W.B. C hung ,

Since the management of the carotid
body tumour is still a subject of
debate, the author reviewed his 25year experience with this tumour.
Clinical diagnosis was difficult and
was made before operation in only
4 of the 15 patients studied. Three of
the four underwent arteriography and
in all the arteriogram was diagnostic.
In seven patients biopsy of the tumour
was done and all had severe
hemorrhage. At operation serious
blood loss could be avoided by early
ligation of the external carotid artery
and its branches. If a tumour is
strongly adherent to the internal
carotid artery the tumour may be
excised with the segment of artery
and replaced with a saphenous vein
graft. Of the 15 patients, 3 had biopsy
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only, 11 had excision of the tumour
and 1 had ligation of the external
carotid artery only. Of the major com
plications, all seven serious hemorrhages
and two of three strokes occurred
when biopsy of an unsuspected carotid
body tumour was performed. Histo
logically, although all 14 tumours were
reported as benign, three patients
had metastatic disease. The author
concludes that biopsy is contraindicated
for the diagnosis of carotid body
tumour, but arteriography is diagnostic.
Moreover, the malignant potential of
this tumour is indeed high and
therefore the tumour should be excised
if the patient is in reasonably good
health.
Comme le traitement d'une tumeur
du glomus carotidien demeure un
sujet de polemique, I'auteur a
revu 25 annees d’experience avec
cette tumeur. Le diagnostic clinique
s'avera difficile et ne fut pose avant
I’operation que chez 4 des 15 patients
etudies. Trois des quatre subirent
une arteriographie qui, dans tous les
cas, etablit le diagnostic. Chez sept
patients, une biopsie de la tumeur fut
pratiquee et tous subirent une
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hemorragie severe. A I'operation,
une serieuse perte de sang put etre
evitee grace a une ligature precoce
de la carotide externe et de ses
ramifications. Lorsqu'une tumeur adhere
fortement a la carotide interne, elle
peut etre excisee avec un segment
d'artere remplace par une greffe
veineuse saphene. Des 15 patients, 3
eurent une biopsie seulement, 11
eurent une excision de la tumeur et 1
subit une ligature de la carotide
externe. Parmi les complications
serieuses, les sept hemorragies
serieuses et deux des trois accidents
vasculaires cerebraux sont survenus
au moment ou I'on pratiquait une
biopsie d'une tumeur non soupgonnee
du glomus carotidien. Bien que les 14
tumeurs furent declarees histologiquement benignes, trois patients
presentaient une maladie metastatique.
L'auteur conclut que la biopsie
est contre-indiquee pour le diagnostic
d'une tumeur du glomus carotidien
mais que l'arteriographie etablit le
diagnostic. De plus, le potentiel de
malignite de cette tumeur est, en fait,
eleve et, consequemment, la tumeur
devrait etre excisee si le patient
est suffisamment en bonne sante.

The carotid body tumour belongs to
a family of tumours collectively called
paraganglionomas. These interesting
tumours, which may be present in
many locations, have their cellular
origin in the neural crest and migrate
to the periphery with the autonomic
ganglion cells. Of all the paranganglionomas, the two of greatest interest to
the general surgeon are the pheochromocytoma and the carotid body tu
mour. While the former contains
chromaffin-reacting cells, with en
docrine function, the latter rarely pos
sesses either and hence has been termed
nonchromaffin paraganglionoma. The
normal carotid body is composed of
chemoreceptor tissue which is very
sensitive to changes in oxygen tension,
and the fact that tumours arising from
chemoreceptor tissues are also widely
known as chemodectomas adds to the
terminologic confusion. Of 900 pub
lished cases of chemodectoma at vari
ous sites in the body, 600 were at the
carotid bifurcation.1
Ever since the carotid body tumour
was discovered nearly a century ago,
its management has been controversial.
Because its rate of growth is slow and
the frequency of operative complica
tions associated with its removal is
high, some2 have suggested that this
tumour should never be excised. On
the other hand others3 have reported
that the tumour has a high potential
for malignant change and hence a
radical excision should be performed
in all cases. Up to 1970, the develop
ment of metastases was documented in
32 (6%) of 500 reported cases of
such tumours. In 1973 Martin, Rosenfeld and McSwain4 reported on 30 pa
tients with carotid body tumour. Twen
ty-eight were followed-up for an aver
age of 11 years; regional lymph-node
or distant metastases developed in 7
of them.

tients had transient ischemic attacks
before operation. Both became hemi
plegic as a result of surgery.
Diagnosis

Diagnosis of the tumour was ex
tremely difficult; only four of the
tumours were diagnosed preoperatively
(Table II) although carotid body tu
mour was included in the differential
diagnosis in a few more patients. The
mass was diagnosed as being a
branchial cyst in 5 of the 15 patients,
as a lymph node in 5 and as a parotid
tumour in 1. Apparently little atten
tion had been paid to the clinical signs:
the tumour usually has a transmitted

arterial pulse, there is occasionally a
bruit, and the mass is only slightly
mobile and only in the transverse
plane. Of special importance for diag
nosis was a carotid arteriogram; this
was obtained in only six cases, three
before operation and three after biopsy.
All arteriograms were diagnostic of
the tumour (Fig. 1).
Surgical Treatment

The surgical treatment of the 15
patients reflected the diagnostic errors
(Table III). In all, 22 procedures were
carried out. Three patients had biopsy
only; one had two biopsies. Four pa
tients had an initial biopsy followed

Table 1— Signs and Symptoms
Table

II— Preoperative

Diagnosis

No. of
patients

Sign/symptom
Mass
Rapid increase in size of mass
Transient ischemic attacks
Pain
Hoarseness

No. of
patients

Diagnosis

15
6
2
2
1

Carotid body tumour
Branchial cyst
Lymph node
Parotid tumour

4
5
5
1

Table III— Operations Performed and Complications
Complications
Procedure
Biopsy only
Biopsy, later excision of tumour
Exploration, later excision of
tumour
Excision of tumour
Ligation of external carotid
artery

No. of patients

No. of operations

Hemorrhage Hemiplegia

3
4

4
8

4
4

1
1

2
5

4
5

0
0

0
1

1

1

0

0

In view of these reports we decided
to review our experience with carotid
body tumour, with particular emphasis
on the complications of treatment and
frequency of malignant change.
Patients

From Jan. 1, 1950 to Dec. 31,
1976, 15 patients with a carotid body
tumour were treated surgically. Their
ages ranged from 9 to 68 years; one
third of the patients were younger than
40 years. The sex distribution was sim
ilar as was the side distribution in the
neck. The most common symptom was
a mass in the neck, and six patients
complained of a recent rapid increase
in size (Table I). Of these six patients
only one was subsequently found to
have a malignant tumour. Two pa

FIG. 1—Arteriograms of carotid body tumour, (a) Typical vascular blush (arrow),
(b) Abnormal displacement of both carotid arteries (arrows), (c) Large abnormal
vessels (arrow) between displaced arteries, coming from external carotid artery.
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Fig- la

Fig. lb

Fig. lc

later by excision. Two patients had
exploration of the neck which revealed
the true nature of the mass, which was
excised at a later date. Five patients
had the tumour excised as a primary
procedure and one had ligation of the
external carotid artery only, because
the tumour extended to the base of
the skull and distal control of the
internal carotid artery was not pos
sible.
The subadventitial approach recom
mended by Gordon-Taylor5 and Wil
son6 should be used. Certain other
steps make the operation easier and
reduce the blood loss. The technique
is predicated on the fact that although
the tumour may derive some of its
blood supply from adventitial vessels of
both internal and external carotid ar
teries, arteriograms indicate that the
major blood supply is from large
branches arising from the external
carotid artery (Fig. 2). First, proximal
control of the common carotid artery
and distal control of the internal carotid
artery are obtained. If the tumour is
so large that it involves the internal
carotid artery completely and distal
control cannot be obtained, the tumour
is considered inoperable. Next, the
external carotid artery is isolated at
the bifurcation and ligated; the branches
are serially ligated to prevent backflow. These steps will markedly reduce
the vascularity of the tumour which
may then be dissected from the internal
carotid artery in a much drier field.
With this technique, the average

FIG. 2— Steps in excision of carotid
body tumour. After control of common
(1) and internal (2) carotid arteries dis
section begins at bifurcation to locate
“white line” of Gordon-Taylor and to
ligate external carotid artery at its origin
(3) and branches of external carotid
artery (4).

blood loss in our last four patients was’
480 ml.
In three patients, the tumour was
not only closely adherent to but com
pletely surrounded the carotid arteries.
In a review from the Mayo Clinic7
of 116 patients with carotid body tu
mours, this situation was encountered
in 25% of the cases in which the
vascular and neurologic complications
were most frequent. The obvious ques
tion is whether the risk of surgery is
greater than the risk of leaving the
tumour alone. In our three patients,
we avoided bloody dissection with a
risk of injuring the carotid arteries
by borrowing a technique used by
vascular surgeons. The entire tumour
was removed with the associated caro
tid artery which was replaced with
a saphenous vein graft. A suitable
length of saphenous vein is removed
and threaded with an internal shunt
projecting from either end. The shunt
is then inserted into the common
carotid artery proximally and the in
ternal carotid artery distally through
vertical arteriotomies. The cerebral
circulation is thus maintained while
the saphenous vein is anastomosed end
to side to the internal and common
carotid arteries. The shunt is removed
just before the last few sutures are
placed in the common carotid artery.
On completion of the anastomoses, all
three carotid arteries are divided and
the tumour is removed. It is evident
from our experience and that of others
that any surgeon operating upon a

carotid body tumour should be ca
pable of repairing a vascular injury or
performing a vascular graft.
Complications

The major surgical complications
(Table III) were due to the tumour’s
proximity to the vital arteries, veins
and nerves in the neck,7 mainly the
internal and external carotid arteries.
In seven patients eight biopsies were
done and all were associated with
severe hemorrhage. Two patients re
quired ligation of major vessels to
control the bleeding; both became
hemiplegic as a result. There were no
hemorrhagic complications when the
surgeon knew the correct diagnosis
beforehand and was prepared. The
one neurologic complication occurring
in patients whose tumour was primarily
excised was in a patient with symp
toms of transient ischemia before the
operation. We now know that arterio
graphy not only gives us the diagnosis
and the extent of the tumour, but also
the status of the carotid circulation in
the brain. Of the 11 patients whose
tumours were excised (eight tumours
were excised without damage to the
carotid vessels), 1 patient sustained
damage at the carotid bifurcation. An
internal shunt was inserted and the
defect repaired with a saphenous patch
graft. In another patient, dysphagia
developed after removal of a very large
tumour. The food would catch at the
upper end of the esophagus. Results

FIG. 3— Photomicrograph of carotid body tumour that is histologically benign
in appearance (hematoxylin and eosin, reduced by 13% from XlO).

VOLUME 22, NO. 4, JULY 1979 / THE CANADIAN JOURNAL OF SURGERY

321

of motility studies were normal but
barium swallow examination showed a
hold-up in the region of the crico
pharyngeal muscle. A cricopharyngeal
myotomy completely relieved the pa
tient’s symptoms.

Others8 have had the same experience
and this has led many to speculate
that more carotid body tumours would
develop metastases, if they were left
untreated and that many so-called
benign carotid body tumours that have
been removed may be malignant.

Pathology
Conclusions

Of the 15 patients, 11 had benign tu
mours and 3 (aged 13, 37 and 52
Because of its rarity, carotid body
years) had malignant tumours. Patho tumour presents a diagnostic problem.
logical diagnosis was not possible in If a patient of any age complains of
one patient in whom only ligation of a long-standing asymptomatic swell
the external carotid artery was carried ing situated in the anterior triangle,
out. Of the three patients with a malig a carotid body tumour should be con
nant tumour, two had metastases to an sidered.
overlying lymph node and one to the
Carotid arteriography is diagnostic
right cerebellum. This last patient was of carotid body tumour. Biopsy should
a 59-year-old woman who initially had not be done. In our series all the
a biopsy done confirming the diagnosis major hemorrhages and two thirds of
of carotid body tumour. Seven years the neurologic complications occurred
later she was admitted in a terminal when biopsy of unsuspected carotid
state. At autopsy bilateral carotid body body tumours was carried out. Com
tumours were found and a similar tu plications were much less frequent
mour was present in the right cerebel when the surgeon had been fore
lum extending into the foramen warned and hence forearmed with the
magnum. Although multicentric origin correct diagnosis.
of the tumours could not be completely
The subadventitial dissection as
ruled out in this case, the pathologist’s recommended by Gordon-Taylor and
opinion was that the intracranial lesion Wilson should be followed. In addi
was most likely a metastasis. However, tion, ligation of the external carotid
the most perplexing aspect in the patho artery and its branches early in the
logical diagnosis of all three cases is procedure will reduce blood loss.
that the primary tumour showed a
Injury to the internal carotid artery
perfectly benign appearance micros is frequent and may be catastrophic.
copically (Fig. 3). The tumour would Mere ligation of vessels for control of
have been reported as benign if it hemorrhage must be avoided. There
were not for the metastases (Fig. 4). fore, excision of a carotid body tumour

should be done by a surgeon capable
of repairing a vascular injury or per
forming vascular grafts.
Because of the potential of these
tumours for malignant change they
should probably all be treated by ex
cision if the patient is in reasonable
health and if the excision is technically
feasible.
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Corrections

A la page 211 de l’edition de mai
1979 a Particle “Le syndrome de
Peutz-Jeghers” par R. Baillot, L P.
Le Gresley et R.M. Girard, la tfoisieme ligne de la reference 15 devrait apparaitre comme suit: “Arch
Surg 98: 509, 1969”.

iif p

FIG. 4— Photomicrograph of lymph nodes overlying carotid body in same patient
as in Fig. 3. N ote light area of metastasis (arrows) (hematoxylin and iosin, reduced
by 13% from xlO ).
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On page 257, middle column, of
the May 1979 issue, in the article
“Ischemic colitis associated with hy
pertension” by R. Detry, G. Devroede, P. Madarnas, H. Haddad
and E. Gysling, one line was not
printed. The line reads “of chronic
hypertension with an ac-”.
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Cerebral Surveillance during Cardiac Surgery
T omas A. Salerno,

md, frcs [c],* R. B everley L ynn , md, frcs, frcs ( edin ), facs,*
and E dward J.P. C harrette , md, frcs [c], facs *

There is at present no ideal method
for determining the adequacy of
cerebral blood flow during nonpulsatile
cardiopulmonary bypass procedures.
Clinical evaluation of cerebral function
while the patient is under general
anesthesia may be misleading and
unsuspected cerebral damage could
result if perfusion of the cerebrovascular
bed is inadequate. Electroencephalo
graphy appears to be the only reliable
noninvasive means of cerebral surveil
lance during the critical periods of
nonpulsatile perfusion.
II n'existe pas presentement de methode ideale pour determiner la
suffisance du debit sanguin cerebral
durant les procedures de circulation
extracorporelle non pulsatile. L'evaluation clinique de la fonction cerebrale
pendant que le patient est sous
anesthesie generale peut etre trompeuse
et des dommages cerebraux insoupconnes peuvent resulter si la perfusion
du lit vasculaire cerebral est insuffisante. L'electroencephalographie semble
etre le seul moyen sur et non invasif
de surveillance cerebrale durant les
periodes critiques de la perfusion
non pulsatile.

During nonpulsatile cardiopulmonary
bypass (CPB) the presence of inade
quate cerebral perfusion may not be
recognized. At present there is no ideal
noninvasive method for determining
the adequacy of cerebral blood flow
during CPB. We therefore evaluated
electroencephalography as a means of
monitoring cerebral function during
cardiac surgery in which either the
ascending aorta or the femoral artery
was cannulated.

Patients and Methods

Group 1
A prospective study was carried out
of 160 patients who underwent cardiac
procedures in which electroencephalo
graphy was performed. These proce
dures were primarily coronary artery
surgery (100 patients), valve surgery
(55 patients) and surgery for congeni
tal heart disease (5 patients). All pa
tients were perfused by way of the as
cending aorta. The pump apparatus
consisted of the disposable Bentley
bubble oxygenator (Bentley Labora
tories, Irvine, CA) and, in the last 25
cases, the Harvey oxygenator (Harvey
Instruments, Santa Ana, CA). Hypo
thermia (to 28°C) was routine in valve
surgery. Left ventricular venting was
used only in three patients with mild
aortic insufficiency who underwent
coronary bypass. The electroencepha
logram was obtained by means of eight
recording channels from bipolar intradermal electrodes placed before the
operation. Extracranial vascular dis
ease was found in three patients who
had carotid bruits. The drugs and
dosage for premedication and anes
thesia were similar in all patients.
Group 2

D enis N. W hite ,

md|

wave suppression indicative of poor
cerebral oxygenation). The minor
changes occurred primarily at the start
of CPB and were corrected when full
CPB was established. Major electro
encephalographic changes were ob
served during CPB, at a time when the
patient was clinically well. The dem
onstration of wave suppression on the
electroencephalogram, however, led
the surgeon to reposition the line (five
patients) or to increase the perfusion
pressure, or both (five patients). The
electroencephalogram returned to nor
mal following these maneuvers. A neu
rologic injury would likely have re
sulted if the electroencephalographic
changes had been allowed to continue.
Group 2
In this group the only surgical com
plications observed were a blocked
femoral artery (1.2%), bleeding postoperatively (0.7%) and minor infec
tion (0.4%) all at the cannulation site.
There was no aortic dissection and
no limbs were lost. The frequency of
electroencephalographic changes was
38% (24% minor changes and 14%
major changes).
Discussion

Group 1
There were three suspected cases
of aortic dissection. In each case all peri
pheral pulses were absent upon comple
ting the anastomoses of the proximal
coronary vein graft. The electroence
phalogram, however, remained normal
and all patients recovered without a
resulting neurologic deficit. There were
no other serious complications. The
frequency of electroencephalographic
changes was 24% (17% minor chang
es, such as slow wave activity and
decreased voltage at the start of CPB,
and 7% major changes with unilateral

When neurologic damage is present
following cardiac surgery it is usually
attributed to “air embolism”, “calcium
embolism” or “extracranial vascular
disease”. It is important to recognize,
however, that conditions during per
fusion, such as malpositioning of the
cannula, inadequate flow or pressure,
or flow disturbance due to the proxi
mity of the arch cannula to the head
vessels, may be the cause. There is, at
present, no foolproof way of determin
ing the adequacy of cerebral perfusion
during cardiac surgery. Since the cor
relation between the frequency con
tent of the electroencephalogram and
the cortical blood flow is high1’2 we
decided to evaluate electroencephalo
graphy as a noninvasive means of
indirectly determining the adequacy
of oxygenation of the brain. Sup
pression of electrical activity on
the electroencephalogram would in
dicate severe hypoxia,3 hypotension1,2
or air embolism.3’4 Minor electro-
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A retrospective study was carried
out of 300 patients who had femoral
artery cannulation during which elec
troencephalograms were obtained. Per
fusion techniques were similar to those
for cannulation of the ascending aorta.
Results

encephalographic changes, consisting
of low voltage and decreased wave
activity, are common at the start of
CPB, before full pump flow is estab
lished. These usually revert to normal
within minutes of the establishment
of full bypass. Their importance is
not known. Wave suppression on the
electroencephalogram, however, indi
cates severe cerebral anoxia and, if
unrecognized, may lead to cerebral
damage. By repositioning the perfusion
cannula or by adjusting the pump
flow or pressure, or both, the prob
lem can be corrected immediately with
return of the electroencephalogram to
normal.

Our retrospective review revealed that
References
electroencephalographic changes were
more frequent when the femoral artery 1. F reeman J, I ngvar DH: Influence of
tissue hypoxia upon the EEG-cerebral
was cannulated when the ascending
blood flow relationship. Electroenceaorta was cannulated. Low per
phalogr Clin Neurophysiol 23: 395,
1967
fusion flows, common in the past,
may account for this difference.
2. Sulg I, I ngvar DH: Regional cerebral
blood flow and EEG frequency con
We recognize that an ideal means
Ibid, p 395
of cerebral surveillance during CPB 3. Ctent.
loche R, D esmonts JM, H ennetier
is still not available. We are of the
G, et al: Morphology and evolution of
opinion that electroencephalography
EEG in acute cerebral anoxia (42
offers the best alternative.
cases). Electroencephalogr Clin Neurophysiol 25: 89, 1968
4. M eyer JS, Sakamoto K, A kiyama M,
We acknowledge the assistance of Mrs.
et al: Monitoring cerebral blood flow,
B. Marsh and Miss N. Drew in monitor
metabolism and EEG. Electroence
ing the electroencephalograms and Miss
phalogr Clin Neurophysiol 23: 497,
D. Judson for typing the manuscript.
1967

Septic Arthritis in Childhood
J.J. W il ey , md , fr c s [c ] and G.A. F raser , md

In the first 4 years (1974 to 1978) of
operation of the Children's Hospital
of Eastern Ontario, in Ottawa, 50 children
were treated for septic arthritis. The
neonatal group (birth to 6 months) of
three patients had the most severe in
volvement and the worst prognosis. The
early childhood group (6 months to 4
years) of 15 patients was characterized
by sepsis due to Hem ophilus influenzae.
The 32 older children (4 to 16 years),
more susceptible to staphylococcal
infections, commonly presented with
atypical and unusual symptoms. The
erythrocyte sedimentation rate was
the most reliable laboratory investiga
tion. Positive joint cultures were
obtained in 66% of patients. Arthrotomy
with drainage was the most reliable
form of treatment, particularly in
cases of hip joint sepsis. Six patients
have substantial residual joint damage
with some degree of permanent

disability. Early diagnosis of the
condition and rapid removal of pus
are mandatory for the survival of the
joint.

rapide du pus sont obligatoires pour
la survie de I’articulation.

In spite of the many major advances in
medicine during the 20th century, cer
tain disease entities continue to pre
sent problems for the practising physi
cian. Joint sepsis is such an entity; its
natural history has been altered only
in the antibiotic era by variations in
modes of treatment and by a changing
pattern of bacterial aggressors.
Between July 1974 and December
1978, 50 children were admitted to the
Children’s Hospital of Eastern Ontario
in Ottawa for management of septic
arthritis.
The purpose of this paper is to
analyse these 50 cases from the clinical
and bacteriologic aspects and to assess
the progress made in the management
of septic joints. Of particular interest
was the pattern of infection for specific
age groups.

From the division of orthopedics,
Children’s Hospital of Eastern Ontario,
Ottawa, Ont.
Presented at the 48th annual meeting
of the Royal College of Physicians
and Surgeons of Canada, Montreal,
PQ, Feb. 8, 1979
Reprint requests to: Dr. JJ. Wiley,
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Au cours des 4 premieres annees
(entre 1974 et 1978) d'activite de
I'Hopital pour enfants de Test de
I’Ontario, a Ottawa, 50 enfants ont ete
traites pour arthrite aigue suppurative.
Le groupe de trois nouveaux-nes
(de la naissance a 6 mois) avait
I’atteinte la plus grave et le pronostic
le plus sombre. Le groupe de jeunes
enfants (de 6 mois a 4 ans) compose de
15 patients s'est caracterise par des
infections a Hem ophilus influenzae.
Les 32 enfants plus ages (de 4 a 16
ans), plus sensibles aux infections
staphylococciques, ont frequemment
presente des symptomes atypiques et
inhabitueis. Le taux de sedimentation
des erythrocytes fut I’examen de
laboratoire le plus sur. Des cultures
positives des articulations furent
obtenues chez 66% des patients.
L’arthrotomie avec drainage s'avera la
forme de traitement la plus fiable,
particuiierement dans les cas d'infection
de la hanche. Six patients ont
d'importants dommages residuels aux
articulations, avec un certain degre
d'incapacite permanente. Un diagnostic
precoce de la maladie et I'elimination
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Clinical Material
Incidence
There is no apparent explanation for
the surprisingly high incidence of sep
tic arthritis (50 cases) at this insti
tution during the 3 Vi-year study pe
riod. Morrey, Bianco and Rhodes1

described 103 cases collected over 30
years at the Mayo Clinic, Gillespie2
collected 102 cases treated at the Hos
pital for Sick Children, Toronto, over
a 12-year period and Almquist3 de
scribed 50 cases seen over a 14-year
interval at the Children’s Orthopedic
Hospital and Medical Center, Seattle,
Washington.
Age
Because of obvious variations in the
disease pattern with age, the children
were divided into three groups: group 1
— birth to 6 months of age (3 patients),
group 2 — 6 months to 4 years (15
patients) and group 3 — 4 years to 16
years (32 patients). The children in
group 1 presented the most difficult
problems, were the most seriously ill,
and had the most widespread involve
ment and the worst prognosis.
Group 2 patients were unique
in their susceptibility to Hemophilus
influenzae infections. The neonates,
temporarily protected by passive anti
body transfer via the placenta, and the
older age group, protected by the ac
quired immunity of minor ear and
throat infections from H. influenzae,
were not vulnerable to joint sepsis due
to this organism.4
Group 3 patients were most com
monly infected by Staphylococcus sp.
Perhaps because of the empirical use
of antibiotics before the diagnosis had
been made, children in this group rare
ly presented with the classic picture of
septic arthritis. Many with proven joint
sepsis were not seriously ill and there
were few abnormal laboratory findings
on initial assessment.

Predisposing Factors
Primary hematogenous septic arthri
tis was present in 27 patients. All had
a history of predisposing infection, most
commonly of the upper respiratory
tract. Of interest was the number of
patients with a communicable disease,
such as meningitis, presenting with ac
companying septic arthritis (Table III).
Nineteen patients were considered to
have a secondary septic arthritis, that
is, sepsis following trauma, open joint
injury or surgery. Included in this
group were children with direct closed
trauma to joint areas with no pre-exist
ing focus of sepsis (i.e., joint sprains,
contusions and clean abrasions). Wheth
er closed trauma can truly be implicated
as a predisposing factor is debatable.
Nevertheless, the high frequency of
involvement of weight-bearing joints
plus the history obtained in 12 patients
of preceding injury supports the cor
relation between trauma and sepsis.
Four patients had no incident preced
ing the onset of their septic arthritis.
Clinical Presentation
In the classic case of septic arthritis,
that is, the sick patient with a readily
identifiable infected joint, such as a
knee, ankle or elbow, the diagnosis
and management present few problems.
The major concern in these circum
stances is differentiating between cel
lulitis, osteomyelitis and septic arthri
tis.
Of much greater concern are the
Table II—Joint Involvement by Group
Group

Joint Involvement
Fifty-six joints were involved in the
50 patients. The patients with more
than one joint affected were mostly
the neonates. As in other reported
series,2,5 the weight-bearing joints were
more commonly involved (Table I).
There was little correlation of joints
involved to age except for the rather
large number of hip joint infections in
group 3 patients (Table II).

Table I—Joints Involved in 50 Patients with
Septic Arthritis
Joint

No. of joints

Knee
Hip
Ankle
Sacroiliac
Vertebral disc
Metatarsophalangeal
Elbow
Shoulder

22
17
4
4
3
2
2
2

Total

56

Joint

1

2

3

Knee
Hip
Ankle
Sacroiliac
Vertebral disc
Metatarsophalangeal
Elbow
Shoulder

4
1
1
0
0
0
0
1

8
3
2
1
0
0
1
1

10
13
1
3
3
2
1
0

presentations and problems associated
with the concealed joints, namely the
hip joint, the sacroiliac joint and the
vertebral disc joint. With few excep
tions the clinical presentation of the
24 cases of sepsis of concealed joints
in this series did not conform to the
textbook description of septic arthritis.
Stetson, DePonte and Southwick6 have
made similar observations. These joints,
when diseased, often give rise to un
usual symptoms, and sepsis adds to
the difficulty of diagnosis. Administer
ing antibiotics before the diagnosis has
been reached distorts the clinical pic
ture even further and contributes little
to the control of the sepsis.
In our series, 21 patients received
antibiotic therapy empirically before
the diagnosis was established; 16 re
ceived this treatment for more than
24 hours before the diagnosis was
made. The results of this form of
therapy, related to the eventual bac
terial yield, confirm the ineffectiveness
of shot-gun antibiotic treatment, either
because the drug is inappropriate to
the organism found or because inade
quate blood concentrations of the drug
are attained. Of the 21 patients so
treated, 14 had appropriate sensitivity
to the antibiotics administered (9 with
septicemia, 12 with a positive joint cul
ture and 4 with a positive cerebrospinal
fluid culture) and 7 had inappropriate
sensitivity (4 with septicemia, 3 with
a positive joint culture and 1 with a
positive cerebrospinal fluid culture).
Twenty patients presented with
proven septicemia associated with joint
sepsis (Table IV).
In 6 of these 20 patients, no organ
ism was cultured from the joint; 4
of the patients had received antibiotic
therapy previously.
Thirty-eight patients had a body tem
perature of 38°C or higher. However,
the initial temperature had limited bear
ing on the patient’s course because a
subsequent febrile pattern of spiking
temperature evolved.

Table IV—Association of Septicemia with
Joint Sepsis*
Table III—Predisposing Infections in 27
Patients with Primary (Hematogenous)
Septic Arthritis

Infection
Dental sepsis
Skin lesions (pustules)
Upper respiratory tract infection
Ear infection
Infectious process (e.g., menin
gitis)
Pyrexia of unknown origin
Vaccination reaction
Renal infection

No. of
patients
1
3
9
2
6
4
1
1
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Affected joint (total no.)

No. of
patients
with
septicemia

Knee (22)
Hip (17)
Ankle (4)
Sacroiliac (4)
Vertebral disc (3)
Metatarsophalangeal (2)
Elbow (2)
Shoulder (2)

3
10
1
2
1
0
1
1

*0ne neonate with septicemia had septic arthritis of both knees, an ankle and a hip joint.
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A consistently abnormal finding in all
cases was an elevated erythrocyte sedi
mentation rate, which averaged 43.9
m m /h (range 14 to 65 mm/h). This
has been noted in numerous other re
ported series of bone infections.1 Of
interest is that the sedimentation rate
failed to differentiate the cases of joint
sepsis associated with septicemia from
those without septicemia. In our series,
the erythrocyte sedimentation rate in
20 patients with septicemia averaged
44.5 m m /h compared with an average
of 43.5 m m /h for the 30 patients with
out septicemia. The leukocyte count
contributed little information, particu
larly in the patients with septicemia,
11 of whom had a count of less than
10.0 X 1071.
Radionuclide scanning, if available,
helps in localizing the site of involve
ment. Bone scanning was utilized in
this series for cases in which the
sacroiliac joint or a vertebral disc joint
was involved. With greater availability
and more experience in its use, bone
scanning may prove invaluable in the
early diagnosis of sepsis of the con
cealed joints.
Diagnosis
The definitive diagnosis of septic
arthritis is made obvious when organ
isms are cultured from the aspirated
joint fluid. When organisms cannot be
cultured, verification of true joint
sepsis requires that at least two of the
following be present: (a) the joint
aspirate has a purulent appearance; (b)
bacteria are identified on gram stain
ing of the joint aspirate; (c) pus cells
are identified on gram staining of the
joint aspirate; and (d) the joint aspirate
has an elevated leukocyte count.
When an aspirate cannot be ob
tained in the presence of a clinical pic
ture of joint sepsis, such as in cases
of sepsis of the sacroiliac joint, con
firmation of joint involvement may be
obtained by subsequent bony involve
ment, that is, secondary osteomyelitis
adjacent to the joint. In our 50 patients,
a positive culture from the joint aspirate
was obtained in 33 (66%) (Table V).
This compares favourably with the re
sults obtained in other series.5 No

aspirate was obtainable in three cases
in which the sacroiliac joint was in
volved. Staphylococcus aureus was the
organism cultured in 18 of the 33 pa
tients. In addition to the four patients
whose joint culture grew H. influenzae,
three others with negative joint cultures
had blood or cerebrospinal fluid cul
tures that grew this organism. All
(seven cases) of the H. influenzae infec
tions were in the same age group. The
Pseudomonas infections were in pa
tients with secondary joint sepsis asso
ciated with penetrating injuries, such
as nail punctures of the foot.
In 18 children, the infecting bacteria
could be identified on gram staining of
the aspirate. However, pus cells were
identified in all specimens and recorded
as “few”, “numerous” or “many”.
Leukocyte counts were performed on
the synovial aspirates of 15 patients;
they ranged from 5.0 to 370.0 X
109/1. The patient with the count of
5.0 X 1071 had gram-positive cocci
on direct smear of the aspirate.
Treatment
The objectives of treatment include:
(a) control of the systematic disease,
(b) decompression of the affected joint
and (c) eradication of the pus in the
joint.
The selection of antibiotics to be ad
ministered before obtaining a positive
culture is based partly on age and part
ly on the anticipated offending organ
ism. Ampicillin plus an ase-resistant
penicillin or cephalosporin is the choice
for all age groups. This covers H. in
fluenzae, the penicillinase-producing
S. aureus and most of the other organ
isms encountered in hematogenous
types of joint sepsis. For joint sepsis
associated with puncture wounds, or
cases in which gram-negative rods are
identified on aspirate smear, gentamicin
or chloramphenicol is indicated. The
subsequent selection of antibiotics is
dictated by the culture sensitivity.
Of interest are the S. aureus sensitiv
ity results obtained from 21 cases of
all age groups (18 with positive joint
cultures, 3 with negative joint cultures
but a purulent joint aspirate). For

Table V- Bacteriology of Joint Aspirates
Group
Organism cultured
S ta p h y lo c o c c u s aureus
H e m o p h ilu s in flu en za e
P s e u d o m o n a s sp.
a-hemolytic streptococcus
g-hemolytic streptococcus
D iplococcus p n e u m o n ia e
N e iss e ria m e n in g itid is
E n te ro b a c te r
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No. of cultures

1

2

3

18
4
3
2
2
2
1
1

2
0
0
0
0
1
0
0

0
4
0
2
1
0
1
0

16
0
3
0
1
1
0
1

penicillin G, only 5 patients had sensi
tive organisms, while 16 had resistant
organisms. From the same samples, 20
patients had organisms that were sen
sitive to the penicillinase-resistant anti
biotics (e.g., cloxacillin) and 1 had
resistant organisms.
Initially the antibiotics were given
intravenously and continued for periods
ranging from a few days to a few
weeks. Following resolution of the
acute phase, the antibiotics were ad
ministered orally, usually for periods
of 1 to 3 months. No firm policy
could be established on discontinuing
antibiotic therapy when the clinical
course was entirely favourable.
The modes of local treatment are
based upon the accessibility of the in
volved joint, the response to the initial
therapy and, to some extent, the or
ganism involved.
Aspiration of the Joint
In 20 joints (16 cases), aspiration,
or repeated aspiration, was the sole
form of local treatment (Table VI).
This method of treatment was consid
ered successful in all instances but one
— a hip joint in a neonate with in
volvement of several joints.
Joint aspirations were usually fol
lowed by immediate irrigation with
saline, and in a few instances with an
antibiotic solution. The possibility of
producing a chemical synovitis with
certain antibiotic preparations and the
equal distribution of serum-joint con
centrations achieved with systematic
penicillins and cephalosporins hardly
warrants such irrigation.7
Arthrotomy
Arthrotomy with drainage remains
the most reliable mode of management,
particularly for sepsis of the hip joint.
Hip joint infections present problems
in diagnosis, difficulties in manage
ment and the most serious consequences
of failed treatment. Not only is removal
of the purulent material essential to
joint integrity, but simple decompres
sion of this joint is crucial for survival
of the femoral capital epiphysis.
Arthrotomy with drainage and im
mediate closure8 were carried out in
only one instance. Arthrotomy with
open drainage (Penrose drain) was perTable VI—Aspiration as the Sole Means of
Treatment
Joint
Hip
Knee
Ankle
Elbow
Shoulder

No. of jo
1
15
2
1
1
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formed in two cases. In the remain
ing 25 cases in which arthrotomy was
performed, a closed suction irrigation
system was installed. The drainage
tubes were removed after an average
of 7 days following arthrotomy. In
most cases the irrigation system was
nonfunctional at the time of tube re
moval.
The distension-irrigation technique
of closed suction, as described by
Jackson and Parsons9 was used in
three cases. The major advantage is
said to be the continuity of the flow
system, but there was no evidence that
this technique affected the final out
come.
Although there has been no evidence
of gross injury to articular cartilage
following saline irrigation, the possibil
ity of cartilage injury exists. In recent
cases, Ringer’s solution has been used
as the irrigating solution.
Cultures taken from tubing at the
time of removal from the joint failed
to reveal a significant pathogen.
Results of Treatment

Eradication of the Septic Process
Joint survival is directly related to
the length of time during which a
joint has been subjected to a purulent
effusion either because of the com
promised local blood supply (e.g., of a
femoral head) or because of the de
structive effects of the enzymes of
bacteria and pus cells on the articular
cartilage. The period of joint tolerance
of a purulent effusion is limited to 5 to
7 days, beyond which the end results
are progressively worse.
Twelve patients in this series were

considered by history alone to have
had a purulent effusion in a joint for
a period beyond 1 week. Six of these
had residual radiologic joint damage,
three (two with a hip joint and one
with a metatarsophalangeal joint af
fected) with enough joint destruction
to cause disability.
In all patients the septic process
was eradicated, that is, there was no
evidence of residual infection.
In three patients, repeated arthro
tomy with closed suction irrigation
was required because of obvious re
accumulation of pus. One with staphy
lococcal infection of the knee joint
underwent two arthrotomies, one with
a similarly affected hip joint was sub
jected to three arthrotomies and the
third patient with a knee joint affected
by Pseudomonas sp. also had three
arthrotomies. All have residual bone
involvement but no recurrence of the
infectious process.
Residual Joint Damage
Fifteen patients demonstrated resid
ual damage resulting from their epi
sode of joint sepsis. Nine of these pa
tients demonstrated residual joint dam
age as a roentgenographic feature only
(Table VII), that is, they were entirely
asymptomatic with no apparent disabil
ity. The remaining six patients had suf
ficient joint destruction to cause per
manent disability (Table VIII). The
most serious cases involved the hip
joint. This association of hip-joint sep
sis with poor results has been reported
by others.2
The following brief case reports de
scribe the six poor results in our series.
Because of the short follow-up, the

Table V II—Joint and Bacteria Involved in Nine Patients with Residual Joint Damage
Joint (no. of patients)
Knee (2)
Sacroiliac (3)

Bacteria

Roentgenographic findings

Staphylococcus sp.
Staphylococcus sp.
Staphylococcus sp.
No bacteria
No bacteria

Vertebral disc (3)
Hip (1)

Staphylococcus
Staphylococcus
Staphylococcus
Staphylococcus

sp.
sp.
sp.
sp.

Healed osteomyelitic tibia
Healed osteomyelitic femur
Sclerosis of ilium
Sclerosis of ilium
Sclerosis of ilium
Narrowed disc space
Narrowed disc space
Narrowed disc space
Healed osteomyelitic ilium

Table V III—Joint and Bacteria Involved in Six Patients with Permanent Disability

(no. of patients)
Metatarsophalangeal (1)
Hip (3)
Knee (1)
Shoulder (1)

Involved joint
Bacteria

Pseudomonas sp
Staphylococcus sp.
Staphylococcus sp.
Hemophilus influenzae
Pseudomonas sp.
Staphylococcus sp.

Joint destruction
Epiphyseal plate loss
Dislocation
Fibrous ankylosis
Avascular necrosis
Fibrous ankylosis
Fibrous ankylosis
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final outcome has not yet been real
ized.
Case Reports
Case 1.—A 12-year-old boy had septic
arthritis of the second metatarsophalangeal
joint following a nail puncture of the
foot 3 weeks previously. The infecting
organism was Pseudomonas sp. At arthro
tomy the epiphysis of the proximal
phalanx sequestrated from the wound.
Other than the shortened toe, he had no
residual problem at the time of follow-up.
Case 2.—A 5-day-old neonate with
overwhelming S. aureus septicemia had
septic arthritis of both knees, one ankle
and the left hip joint, as well as various
sites of osteomyelitic involvement, includ
ing the proximal right femur. The septic
involvement of the left hip joint region
resulted in a dislocation with eventual
destruction of the head and neck of the
femur.
Case 3.—A 7-year-old girl had a low
grade fever (37.9 °C) for 4 weeks with
intermittent pain in the right knee. By
the time she was admitted to hospital,
the right hip already showed roentgeno
graphic signs of destruction.
Case 4.—A 2-year-old boy with a 5day history of limp following an infec
tion of the upper respiratory tract and
otitis media had arthrotomy and drainage
performed on his septic right hip. The
infecting organism was H. influenzae. Al
though the immediate clinical course ap
peared satisfactory, pus reaccumulated
in the joint, necessitating a second arthro
tomy. At that time avascular necrosis of
the femoral head was apparent, likely
resulting from failure to control the in
fection and delay in decompression of the
joint.
Case 5.—A 6-year-old boy had septic
arthritis of the left knee from a Pseudo
monas infection following a puncture
wound. Arthrotomy was carried out on
three occasions to control the sepsis, the
final procedure including a synovectomy
and debridement of the joint. Destruc
tion of the entire articular surface of the
medial femoral condyle was noted at
operation. In addition to the fibrous
ankylosis of this joint, it is anticipated
that a growth disturbance will take place
because of involvement of the distal
femoral epiphysis. Although this patient
received the appropriate antibiotic (gen
tamicin), the poor control of the sepsis
may have been due to inability to achieve
adequate concentrations of gentamicin
in the serum, as was shown on testing.
Case 6.—A 1-month-old neonate had
S. aureus infections of the right knee and
left shoulder joint, and multiple foci of
osteomyelitis in other areas. When heal
ing was eventually effected, there was
destruction of the left humeral head.
This group of
resents 12% of
pares favourably
series. In 1973,

six poor results rep
the series and com
with other reported
Gillespie2 reported a
32 9

series in which 24% of patients had
poor results. In the series of Morrey,
Bianco and Rhodes,1 35% were re
ported as having “unsatisfactory” re
sults.
Conclusions

Septic arthritis in the child, as an
entity, has changed little since its first
description.
Certain childhood age groups have
characteristic patterns of joint sepsis,
particularly the disastrous natural his
tory of staphylococcal sepsis in the
neonate. Hemophilus influenzae is now
recognized as the most common
offending organism in the young child.
Sepsis of the hip joint remains an
enigma, not only because of the unique
anatomy of the joint but because of the
difficulties of diagnosis and manage
ment and the often poor result.
Early diagnosis and removal of pus
from the affected joint are mandatory.
Arthrotomy with drainage is the
most reliable method of treatment for
sepsis of the hip joint.

The poor results, as recorded here,
can be attributed to delay in diagnosis,
inadequate therapeutic measures and

the inherent disasters of neonatal sep
sis.
We thank Dr. A.M.R. Mackenzie, bac
teriologist, and Mrs. C. Menard for tech
nical assistance.
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Santyl
Collagenase ointment
Description: Collagenase is an enzymatic debriding agent
derived from the fermentation of Clostridium histolyticum. It
possesses the unique ability to digest native collagen as well
as denatured collagen
Action: Since collagen accounts for 75% of the dry weight of
skin tissue, the ability of Collagenase to digest collagen in
the physiological pH range and temperature makes it particu
larly effective in the removal of detritus. Collagenase thus
contributes toward the formation of granulation tissue and
subsequent epithelization of dermal ulcers and severely
burned areas.
Indications: Santyl Ointment is indicated for debriding
dermal ulcers and severely burned areas.
Contraindications: A p p lic a tio n is c o n tra in d ic a te d in
patients who have shown local or systemic hypersensitivity
to Collagenase.
Precautions: The enzyme's optimal pH range is 7 to 8. Lower
pH conditions have a definite adverse effect on the enzyme's
activity, and appropriate precautions should be taken.
The enzymatic activity is also adversely affected by deter
gents and hexachlorophene and heavy metal ions such as
mercury and silver which are used in some antiseptics. When
it is suspected such materials have been used, the site should
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saline before Santyl Ointment is applied. Soaks containing
metal ions or acidic solutions such as Burow's solution
should be avoided because of the metal ion and low pH.
Cleansing materials such as hydrogen peroxide or Dakin's
solution do not interfere with the activity of the enzyme.
D e b ilita te d patie nts shou ld be c lo sely m o nitored for
systemic bacterial infections because of the theoretical pos
sibility that debriding enzymes may increase the risk of
bacteremia.
The ointm ent should be confined to the area of the lesion in
order to avoid the risk of irritation or maceration of normal
skin.
A slight erythema has been noted occasionally in the sur
rounding tissue particularly when the enzyme ointm ent was
not confined to the lesion. This can be readily controlled by
protecting the healthy skin with a material such as Lassar s
paste.
Since the enzyme is a protein, sensitization may develop with
prolonged use although none has been observed to date.

Critique of Item 439 (SESAP II)
An elderly diabetic patient with acute cholecystitis and a high temperature
faces potential life-threatening complications, including gram-negative
septicemia with shock, empyema, and gangrene or perforation of the gall
bladder, or both. The patient has been in the hospital for 24 hours, and
his temperature has now risen to 103 F. Continued conservative treatment,
while symptoms increase, would be hazardous. The recent myocardial
infarction increases the possibility of arrhythmias, cardiogenic shock, or
progression of the infarct. Therefore, the simplest, most direct operation
— draining the gallbladder and removing the stones—would be best. The
most appropriate choice is cholecystostomy with local anesthesia (A).
Drainage of the gallbladder should suffice to sustain the patient through
this episode.
After the acute episode, a decision can be made as to whether an
elective interval cholecystectomy is necessary. Since the recurrence rate of
problems involving the biliary tract in the five years after cholecystectomy
is only 50 per cent, it may not be necessary to do an interval or elective
cholecystectomy. Cholecystectomy (D) is not necessary at this time when
there are so many other problems. Exploration is inappropriate because the
diagnosis is obvious, and the mortality rate from administration of general
anesthesia three weeks after a myocardial infarct is high. Continued con
servative treatment (C) is incorrect because the patient has not improved
in the first 24 hours, and further antibiotics and treatment of his diabetes
alone would be extremely hazardous. Exploration of the common duct (E)
is not necessary. A serum bilirubin of 2.5 m g/100 ml does not indicate
common duct obstruction, but is consistent with acute cholecystitis alone.

Adverse Reactions: Adverse reactions to Collagenase have
not been noted when used as directed
Dosage & Administration: Santyl O intm ent should be
applied once daily (or once every other day in the case of
outpatients) in the following manner.
(1) Prior to application the lesions should be gently cleansed
with a gauze pad saturated in normal saline, buffer (pH 7.07.5) or hydrogen peroxide to remove any film and digested
material.
(2) Whenever infection is present, as evidenced by positive

cultures, pus, inflammation or odor, it is desirable to use
an app rop riate topical antib acterial agent NeomycinBacitracin-Polymyxin B (Neosporin) has been found com pat
ible with Santyl ointment. This antibiotic should be applied to
the lesion in powder form or solution prior to the application
of Santyl ointm ent. Should the in fectio n not respond,
therapy with Santyl ointm ent should be discontinued until
remission of the infection.
(3) Santyl ointment should be applied (using a wooden or

plastic tongue depressor or spatula) d ire c tly to deep
wounds, or, when dealing w ith shallow wounds, to a sterile
gauze pad which is then applied to the wound. The wound is
covered with sterile gauze pad and secured with clear tape or
Kling bandage.
(4) Crosshatching thick eschar with a #10 blade is helpful.
It is also desirable to remove as much loosened detritus as
can be done readily with forceps and scissors.
( 5) All excess ointm ent should be removed each tim e

dressing is changed
(6) Use of the ointment should be terminated when sufficient
debridement of necrotic tissue has taken place.
Overdose: Action of the enzyme may be stopped, should
this be desired, by the application of Burow's solution U.S.P
(pH 3.6-4.4) to the lesion.
How Supplied: Available in 25 gram jar of sterile ointment.
Product monograph available on request. Store at room
temperature.
*Reg. T.M. of Knoll Pharmaceutical Co.
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Indications: Dalacin C Phosphate (clindam ycin phosphate in je c tio n N.F.) D alacin C P hosphate S te rile S o lu tio n is in d ic a te d fo r the tre;
m ent of in fe c tio n s where the oral route is not indicated or feasible.
C lind am ycin phosphate is indicated in the treatm ent o f se rio u s in fe c tio n s due to se n sitive anaerobic bacteria, such as B a cteroid
species, p ep tostre pto coccus, anaerobic streptococci, C lo s trid iu m species and m ic ro-aero philic s tre p to c o c c i.

►

infections
jn pulmonary
anaerobic infections

C lind am ycin phosphate is also in dicated in serious in fe c tio n s due to s e n s itiv e G ram -positive organism s s ta p h y lo c o c c i (in c lu d in g penic
linase-producing staphylococci), strep tococci and pne u m o c o c c i w hen the p atie nt is in to le ra n t of, or the o rganism re s is ta n t to, o th
appropriate a n tib io tic s .
Contraindications: The use of Dalacin C Phosphate is c o n tra in d ic a te d in p a tie n ts previo usly fou n d to be h y p e rse n sitive to th is com poun
the parent com pound, clindam ycin , or clindam ycin p alm ita te. A lth o u g h c ro s s -s e n s itis a tio n w ith L in c o c in (lin co m ycin ) has not bet
dem onstrated, it is recom m ended that Dalacin C P hosphate not be used in pa tie n ts w ho have dem onstrated lin c o m y c in se n sitivity. Un
further clinical experience is obtained, Dalacin C Phosphate is not indicated in the newborn (infants below 30 days of age), or in pregnant wome
Warnings: Some cases of severe and persistent diarrhoea have been reported durin g or a fte r therapy w ith D alacin C Phosphate. Th
diarrhoea has been occasionally associated with blood and m ucus in th e s to o ls and has at tim es resulted in ac u te c o litis . W hen endoscoi
has been perform ed, som e o f these cases have shown pseudom em brane form ation .
If s ig n ific a n t diarrhoea o ccurs during therapy, this drug s h ou ld be d is c o n tin u e d or, if necessary, c o n tin u e d o n ly w ith clo se obse rvatio
S ig n ific a n t diarrhoea occu rrin g up to several weeks post-therapy s h o u ld be m anaged as if a n tib io tic -a s s o c ia te d .
If c o litis is suspected, endoscopy is recommended. M ild cases sho w in g m inim al m ucosal changes may respond to sim p le drug d
continuance. Moderate to severe cases, including those sho w in g u lc e ra tio n or pseudom em brane form ation , s h o u ld be m anaged w ith flu i
electrolyte, and protein supp lem entation as indicated. C o rtic o id re te n tio n enem as and s y s te m ic c o rtic o id s m ay be o f help in p e rsiste
cases. A n tic h o lin e rg ic s and a n tip e ris ta ltic agents may w orsen th e c o n d itio n . O ther causes o f c o litis shou ld be considered.
Precautions: Dalacin C Phosphate, like any drug, shou ld be pre scrib e d w ith cau tio n in ato p ic in dividuals.
The use of a n tib io tic s occasionally results in over-growth of n o n s u s c e p tib le organism s - p a rtic u la rly yeasts. S h ould s u p e rin fe c tio n s o cci
appropriate measures shou ld be taken as dictated by the c lin ic a l s itu a tio n .
S ince abn orm alities o f liver fu n c tio n te s ts have been noted o c c a s io n a lly in anim als and man, p e rio d ic liver fu n c tio n te sts s h o u ld be p(
form ed during prolonged therapy. Blood counts should a lso be m o n ito re d durin g extended therapy.
As w ith all a n tib io tic s , perform culture and sensitivity s tu d ie s in c o n ju n c tio n w ith drug therapy.
C lind am ycin phosphate may be used in-anuretic p a tie n ts and p a tie n ts w ith im paired liver fu n c tio n . The serum h a lf-life o f clin d a m yc
phosphate in p atie nts w ith m arkedly reduced renal fu n c tio n is greater than th a t o f the h a lf-life o f the co m p o u n d in norm al patie nts. Tl
dose o f clindam ycin phosphate should, therefore, be app ro p ria te ly decreased. H aem o dialysis and peritone al d ia ly s is are n o t e ffe c ti
m eans of rem oving the com pound from the blood. Periodic serum levels o f c lin d a m y c in shou ld be determ ined in p a tie n ts w ith severe ren
insufficiency.
Adverse Reactions: Local.
(a) In tram uscular Inje ctio n s: Of 404 p atie nts treated w ith c lin d a m y c in pho sphate in tra m u s c u la rly (w ith a s o lu tio n co n ta in in g 150 m g /m
six (1.5%) dem onstrated local reactions as follows: Two co m p la in e d o f pain at the in je c tio n site, tw o dem o n s tra te d in d u ra tio n at the in je
tio n site and tw o developed ste rile abscesses.
(b) Intravenous Infusion: Of 192 p atie nts treated w ith c lin d a m y c in pho sphate by in traveno us in fu s io n , 14 (7.3% ) dem onstrated loc
reactions. Eleven patie nts developed superficial th ro m b o p h le b itis and one patie nt developed bo th s u p e rfic ia l and deep th ro m b o p h le b iti
The m ajority of these cases developed in conjunction w ith th e use o f in d w e llin g IV c a th e te rs and it is d iffic u lt to know how m uch the d ri
c o n trib u te d to the irrita tio n . Two patie nts developed lo calised erythem a, s w e llin g and pain at th e s ite of the in fu s io n .
Systemic Side Effects: Tw enty-eight patie nts of 596 treated w ith c lin d a m y c in phosphate by e ith e r th e in tra m u s c u la r or intravenous rout<
developed system ic side e ffe c ts as fo llo w s:
Num ber o f P a tie n ts
N um ber o f Patien
H y p o te n s io n ........................................................ ............................. « a
R a s h .................................................................................... .................... 7
U rtic a ria .............................................................................. .................... 1
H y p e rte n s io n ...................................................... .................................i
.................... 1
Fever, L e u c o c y to s is ........................................................ .................... 1
S u p e rin fe c tio n *..................................................
.................... 1
D iarrhoea (See also under “ W arnings” ) ..................... ....................4
Bad or b itte r ta ste in m o u th ............................
‘ S u perinfection is a c o m p lic a tio n of a n tib io tic therapy in general and is no t nece ssarily a tru e sid e e ffe c t o f c lin d a m y c in phosphate.
* * Due to underlying m yo ca rd itis in th is patient.
Clinical and Laboratory Findings: Patients treated durin g c lin ic a l tria ls o f c lin d a m y c in p h o sphate were fo llo w e d w ith c lin ic a l laborato
tests, in c lu d in g com ple te haematology, urinalysis and liver and kid ney fu n c tio n tests. Som e o f these te s ts w ere abnorm al in itia lly ar
returned to norm al during therapy w ith clindam ycin phosphate, w h ile oth e rs were norm al in itia lly and becam e abnorm al d u rin g therap
O verall evaluation o f c lin ic a l laboratory values in these p a tie n ts does not in d ic a te that c lin d a m y c in pho sphate therapy has a to x ic e ffe c t (
the hae m atopoietic, hepatic o r renal system s. Transient ele v a tio n s o f serum tran sam inases have occurred in som e patie nts, bu t other liv
fu n c tio n te s ts (alkaline phosphatase, serum bilirubin) have not show n any tendency to increase and there have been no c lin ic a l sig ns
drug-induced hepatic toxicity.
Symptoms and Treatment of Oversoage: No cases o f overdosage have been reported. No s p e c ific a n tid o te is know n. Doses as high
1200 mg every six hours (4800 m g/day) by in fusion fo r five days have been given w ith o u t adverse e ffe c t.
DOSAGE AND ADMINISTRATION
Adults
In tram uscular In je c tio n : 600 m g /d a y in tw o equal doses.

‘. .^clindamycin has been reported to be the most
active antimicrobial agent tested in vitro against
►anaerobic bacteria; [in the pulmonary tract]
concentrations of 3.1 /rg/ml or less inhibited 96%
strains tested...”
Fags, R.J., et al. (1973). Annals Intern. Med., 78 :853.

M oderately severe in fe c tio n s : 600 to 1200 m g/day in tw o or three equal doses.
Severe in fe c tio n s : 1200 to 2400 m g /d a y in two, three or fo u r equal doses. Intram uscular in je c tio n s o f m ore than 600 mg in to a s in g le si
are not recom mended.
Intravenous A d m in istra tio n : Dalacin C Phosphate m ust be d ilu te d p rio r to IV a d m in is tra tio n to a d ilu tio n o f 300 m g in 50 m l o f d ilu e
(6 m g /m l) or more, and in fuse d in not less than 10 m inutes. A d m in is tra tio n o f m ore than 1200 m g in a sin g le o n e -h o u r in fu s io n is not recor
m ended. Dalacin C Phosphate s h ou ld not be in jected in tra v e n o u s ly u n d ilu te d as a bolus.
M oderately severe in fe c tio n s : 900 to 1800 m g/day by c o n tin u o u s d rip or in tw o or three equal doses, each in fu s e d over 20 m in u te s or long<
Severe in fe c tio n s : 1800 to 2700 m g /d a y by continuous d rip or in three or fo u r equal doses, each in fuse d over 20 m in u te s or longer. In lif
thre aten ing in fe ctio n s, doses of 2700 to 4800 m g/d ay by c o n tin u o u s d rip or in three or fo u r equal doses each in fu se d over 20 m in u te s
longer may be given.
Children: (Over one m onth o f age)

►

Intram uscular Injectio n: 10 to 15 m g /k g /d a y in two, three or fo u r equal doses.
M oderately severe in fe c tio n s : 15 to 20 m g /k g /d a y in three or fo u r equal doses.
S e v e re in fe c tio n s : 20 to 30 m g /k g /d a y in three or four equal doses.
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M oderately severe in fe c tio n s : 15 to 25 m g /k g /d a y by c o n tin u o u s d rip or in three or fo u r equal doses, each in fu se d over 20 m in u te s
longer. In severe in fe c tio n s , it is recom m ended that c h ild re n be given no t less than 300 m g /d a y regardless o f b od y w e ig h t. (D ilu te D alacin
Phosphate S terile S o lution in the same manner as for adults.)
AVAILABILITY:
Dalacin C Phosphate Sterile Solution - Each ml con ta in s c lin d a m y c in pho sphate equivalent to c lin d a m y c in base 150 mg in 2 m l am poule
Product M onograph available upon request
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Exercise Electrocardiography and Myocardial Perfusion
Imaging in the Diagnosis of Coronary Artery Disease:
Preliminary Report
L ibardo J. M elendez , md , frcp [c],
J uan R. Salcedo, md ,* D avid T. J ones, md,

Exercise electrocardiography and rest/
exercise myocardial perfusion imaging
with thallium-201 were performed in
43 patients with typical angina or
atypical chest pain; the results were
correlated with those of coronary
arteriography.
Exercise electrocardiography sen
sitivity was 65%, specificity was 78%,
predictive value for a positive result
was 73% and for a negative result
was 93%. The low sensitivity of the
exercise electrocardiogram was mainly
due to the number (13 of 43, 30%)
of inconclusive results (no ST-segment
change on the electrocardiogram, but
failure to attain the target rate),
most of which were in the group
with typical angina. The predictive
value of exercise electrocardiography
for both a positive and negative result
was excellent in typical angina. In
patients with atypical chest pain, the
negative predictive value was high
(90%) but the positive predictive value
was very low (50%).
The sensitivity of myocardial perfusion
imaging was 71%, specificity was
59%, positive predictive value was
52% and negative predictive value
89%. The low specificity of this test
is related to the number of false
positive results obtained, most of which
occurred in the group with atypical
pain.
When the results of exercise electro
cardiography and myocardial perfusion
imaging are combined, the sensitivity
is increased but specificity is unac
ceptably low. However, myocardial per
fusion imaging in patients with an
inconclusive result from exercise

From the departments of medicine*
and radiology,] Victoria Hospital
Corporation, London, Ont.
Presented at the 48th annual meeting
of the Royal College of Physicians and
Surgeons of Canada, Montreal, PQ,
Feb. 9, 1979
Reprint requests to: Dr. LJ. Melendez,
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London, Ont. N6A 4G5

facc,* A lbert A. D riedger, md , frcp [c ],*
frcp [c]* and A. C raig M acD onald, md , FRCp[c]f

electrocardiography (most of them in
the group with typical angina) showed
a sensitivity of 80%, specificity
of 88%, positive predictive value of
80% and negative predictive value of
100% .

L'electrocardiographie a I'effort et la
visualisation par perfusion myocardique
au thallium-201, a I’effort et au repos,
ont ete pratiquees chez 43 patients
souffrant d'angine typique ou de
douleur thoracique atypique; une
correlation a ete faite entre ces
resultats et ceux de I'arteriographie
coronarienne.
La sensibilite de l’electrocardiographie
a I’effort a ete de 65%, sa specificite
de 78%, sa valeur previsionnelle pour
un resultat positif de 73% et pour un
resultat negatif de 93%. La faible
sensibilite de I’electrocardiagramme a
I’effort a ete principalement due au
nombre (13 sur 43, 30%) de tests non
concluants (aucun changement du
segment ST sur I'electrocardiogramme,
mais incapacity d'atteindre le rythme
prevu) dont la plupart survint dans le
groupe d’angineux typiques. La valeur
previsionnelle de l'electrocardiographie
a I’effort pour les resultats positifs
aussi bien que negatifs a ete excellente
dans I'angine typique. Chez les patients
souffrant de douleur thoracique
atypique, la valeur previsionnelle
negative a ete elevee (90%) mais la
valeur previsionnelle positive a et£
faible (50%).
La sensibilite de la visualisation par
perfusion myocardique a ete de 71%,
sa specificite de 59%, la valeur
previsionnelle positive de 52% et la
valeur previsionnelle negative de 89%.
La faible specificite de I'epreuve est
reliee au nombre de faux resultats
positifs obtenus, dont la plupart dans
le groupe ayant une douleur atypique.
Ouand les resultats de I'electrocardiographie a I’effort et ceux de la
visualisation par perfusion myocardique
sont combines, la sensibilite est
augmentee mais la specificite devient
inacceptablement faible. Toutefois, la

visualisation par perfusion myocardique
faite chez les patients montrant des
resultats non concluants a I'electrocar
diogramme d’effort (la plupart dans le
groupe d’angineux typiques) a montre
une sensibilite de 80%, une specificite
de 88%, une valeur previsionnelle
positive de 80% et une valeur
previsionnelle negative de 100%.

Following the demonstration by Mas
ter and Rosenfield1 that the postexer
cise electrocardiogram was useful in
making the diagnosis of ischemic heart
disease, the technique was improved
by exercising the patient to maximal
or near-maximal tolerance on the
treadmill or the bicycle ergometer
while monitoring the electrocardiogram
before, during and after exercise.2 Al
though the value of the exercise elec
trocardiogram in the diagnosis of coro
nary artery disease has not been free
of controversy,3 it is accepted by most
clinicians.4,5 The recent advent of myo
cardial perfusion imaging following
intravenous administration of thallium201 (“ ‘Tl) during maximal or nearmaximal exercise has made it possible
to localize the ischemic area and recog
nize pre-existing myocardial perfusion
defects.6"8 Although both exercise elec
trocardiography and myocardial perfu
sion imaging are useful, their relative
roles in the diagnosis of coronary
artery disease has not been fully stu
died. In this investigation we tried to
find a practical approach to the
utilization of these diagnosis tests when
investigating patients with chest pain.
Patients and Method

We studied 43 patients with chest
pain. The data on these patients are
summarized in Table I. Prior to test
ing, a physician interviews the patient
to determine if the description of the
pain is suggestive of angina pectoris
on the basis of pain location, character,
radiation, relation to exercise and res
ponse to nitroglycerin. The exercise
test is conducted on the treadmill
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according to the Bruce protocol.9 At
least three electrocardiographic leads
(V4, V5 and V6) are monitored
throughout the procedure; standardized
recordings are made at rest, and dur
ing and after exercise. Thallium-201
(1.5 to 2.0 mCi) is injected intrave
nously at maximal exercise tolerance
and myocardial imaging is then ob
tained in the anteroposterior and left
anterior oblique views with an Anger
camera. Selective coronary arterio
graphy is performed within the next
2 weeks by either the Judkins10 or the
Sones” technique.
The exercise electrocardiogram is
considered positive if there is a hori
zontal or downsloping ST segment de
pression of 1 mm or more or an upsloping depression of 2 mm or more
lasting 80 milliseconds or longer after
the QRS complex. If no electrocardio
graphic changes are encountered but
the target rate is achieved, the test is
considered negative. Absence of STsegment changes, but failure to attain
the target rate is considered an incon
clusive result. Coronary artery lesions
are considered significant if they pro
duce reduction in luminal diameter of
at least one major vessel of 50% or
more (equivalent to 75% or more
cross-sectional reduction).
Table II sets forth the formulas used
to analyse the test results.12

sult (80%) might be considered ac
ceptable.

Results
Table III shows the results of exer
cise electrocardiography. The relative
ly low sensitivity (65%) was due to
the inconclusive tests encountered (13),
most (11) of which were in the group
of patients with typical angina. It is
noteworthy that the specificity and
the predictive value of either a posi
tive or a negative result were excellent
in patients with typical angina. In the
group with atypical pain, the best re
sults were with the predictive value
of a negative test.
The results of myocardial perfusion
imaging with 201T1 are shown in Table
IV. The low specificity (59%) was
due to the false-positive tests en
countered (11 of 23), 7 of which were
in patients with atypical angina.
When both tests were combined
(Table V), the sensitivity increased
(92% and 100%) but the specificity
became unacceptably low in all pa
tients (42%) and in either subgroup
(38% and 50%). On the other hand,
myocardial perfusion imaging ap
peared to separate normal from ab
normal results in the group of patients
with an inconclusive exercise electro
cardiogram (Table VI). In this small
subset, the predictive value for negative
results was excellent (100%), while
the predictive value for a positive re

Discussion and Conclusions
The increased specificity and pre
dictive values for positive and negative
results of either test in patients with
Table I I I — Results of Exercise
Electrocardiography
Group

Result
Disease positive, no.
Disease negative, no.
Test positive, no.
T ru e positive, no.
Test negative, no.
Tru e negative, no.
Inconclusive te s t, no.
S en sitivity, %
Specificity, %
P redictive value of
positive tes t, %
P redictive value of
negative test, %

No. of patients*

No. of patients
Sex
Male
Female
Patients taking propranolol
Patients w ith positive exercise
electrocardiogram)
Patients w ith positive result from myocardial
perfusion imaging
Patients w ith reduction of luminal diameter ^
50% demonstrated by coronary arteriography

Typical angina

Atypical angina

Total

23

20

43

14
9
8

9
11
3

23
20
11

7

8

15

13

10

23

12

5

17

*Mean ages: Typical angina 46 yr, atypical angina 48 yr.
■[Horizontal or downsloping depression of ST segment ^ 1 mm or upsloping depression ^ 2 mm
lasting 80 ms or longer afte r QRS complex.

Table II— Formulas U tilized in Analysing Test Results

Sensitivity =

(%)
.
... ..

true positives
diseased subjects

A bility of test to detect affected individuals

X 100

true negatives
_ lnn
Specificity = jj - .— . . ,
X 100
(% )
(fa ls e + ) + ( t r u e - )
Predictive value of
tru e positives
a positive result =
x 100
all positives

(%)

Predictive value of
a negative result

(%)

true negatives
all negatives

X 100

A bility of test to exclude affected individuals
Probability of being correct if disease is diag
nosed on basis of positive test result
Probability of being correct if disease is ex
cluded on basis of negative test result
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Atypical
angina
(n = 20)

12
11
7
7
5
5
11
58
100

5
15
8
4
10
9
2
80
69

100

50

100

90

Table IV — Results of M yocardial Perfusion
Im aging w ith Thallium -201
Group

Result
Table 1— Data on 43 Patients with Chest Pain

Typical
angina
(n = 23)

Disease positive, no.
Disease negative, no.
Test positive, no.
True positive, no.
Test negative, no.
True negative, no.
Inconclusive test, no.
S en sitivity, %
Specificity, %
Predictive value of
positive tes t, %
Predictive value of
negative tes t, %

Typical
angina
(n = 23)

Atypical
angina
(n = 20)

12
11
13
10
8
8
2
83
73

5
15
10
3
10
8
0
60
53

77

30

100

80

Table V — Results of Exercise Electrocardio
graphy and M yocardial Perfusion Im aging
(O ne or Both Positive)
Group

Result
Disease positive, no.
Disease negative, no.
Test positive, no.
True positive, no.
Test negative, no.
T ru e negative, no.
Inconclusive te s t, no.
S ensitivity, %
Specificity, %
Predictive value of
positive te s t, %
Predictive value of
negative te s t, %

Typical
angina
(n = 23)

Atypical
angina
(n = 20)

12
11
14
11
3
3

5
15
13
5
5
5

—

—

92
50

100
38

79

38

100

100
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typical angina pectoris is in keeping
with the known influence of the pre
valence of coronary artery disease on
test results:12’13 a positive result is
considerably less likely to be false
in a population with a high prevalence
of coronary artery disease (typical an
gina) than in a population with a
low prevalence of coronary artery dis
ease (atypical angina).
In this preliminary report we have
shown that a negative test has a high
predictive value for the absence of
coronary artery disease. With respect
to exercise electrocardiography, we
must emphasize that for a test to be
considered truly negative, the target
heart rate during exercise must be
achieved. It is on this foundation that
we have had an excellent predictive
value for a truly negative exercise
electrocardiogram. Evidently, this does
not apply to inconclusive test results
(as previously defined).
These preliminary observations sug
gest a clearly defined complementary
role for exercise electrocardiography
and myocardial perfusion imaging
when investigating patients with chest
pain.
Exercise
electrocardiography
should be done first. If the result is con
clusively negative (target rate reached,
no ST-segment changes), coronary ar
tery disease is highly unlikely (regard
less of the character of the pain).
However, the importance of a positive
exercise electrocardiogram is different
in the typical angina and atypical chest
pain subgroups. Its predictive value
has remained excellent (100% ) in pa
tients with typical angina (population
with high prevalence of coronary ar
tery disease), but has been low (50%)
in those with atypical pain (low pre
valence of coronary artery disease).
In the latter, myocardial perfusion
imaging does not reliably identify pa
tients with significant coronary artery
disease. Coronary arteriography may
be needed to establish the correct
diagnosis in this subgroup.
T a b le V I — R e s u lt s o f M y o c a r d ia l P e r f u s io n
I m a g in g in 13 P a t ie n t s w ith
In c o n c lu s iv e E x e r c is e E le c t r o c a r d io g r a m

R e s u lt
D is e a s e p o s it iv e
D is e a s e n e g a t iv e
T e s t p o s it iv e
T r u e p o s it iv e
T e s t n e g a t iv e
T r u e n e g a t iv e
In c o n c lu s iv e t e s t
S e n s it iv it y
S p e c if ic it y
P r e d ic t iv e v a lu e of
p o s it iv e t e s t
P r e d ic t iv e v a lu e of
n e g a t iv e t e s t

N o . of
p a t ie n t s
5
8
5
4
7
7
1
—
—

P e rce n t

_
___
___
___
—
___

_
80
88
80

—

100

Myocardial perfusion imaging with
201T1, however, has been very useful
in patients with typical angina in whom
the exercise electrocardiogram gave an
inconclusive result. Predictive values
for both positive and negative results
have been acceptable in this subset.
This again appears to be related to the
good predictive value of either test
in a population with a high prevalence
of coronary artery disease in which
most inconclusive exercise electrocar
diograms were found.
If these conclusions are supported
by further observations, exercise elec
trocardiography will continue to be
the best diagnostic aid for the clinician
or the referral centre while myocardial
perfusion imaging may be the logical
supplementary test in patients with
typical angina in whom the result of
exercise electrocardiography is incon
clusive.
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CAGS LECTURE

Scientific Salients in Surgery
F rancis

D.

M oore, m d , hon fr c s [ c ]*

Of the three Ds, it is the first that
really counts the most: the Discovery
of new concepts, principles and meth
ods. In “Science and Human Values”,
Bronowski1 lists that small group of
people, who, in his own history book,
merit inclusion as contributors to the
life sciences. The list includes Vesalius,
who revolutionized all of natural his
tory through the study of anatomy,
Harvey, who founded physiology by
discovering the circulation of the
blood, Pasteur, who made a science
Presented at the 1st annual meeting
of microbiology starting with the fer
of the Canadian Association of
mentation of beer, and only a very
General Surgeons, Vancouver, BC,
few others. In our own age we na
Jan. 25, 1978
turally think of Banting and Best in
*Elliott Carr Cutler professor of surgery, that list, as well as subsequent workers
Harvard Medical School, Boston, MA
on both sides of the Atlantic who,
Reprint requests to: Dr. Francis D.
building on insulin, gave us modern
Moore, Elliott Carr Cutler professor of
biochemical endocrinology. We think
surgery, Harvard Medical School,
The Countway Library, 10 Shattuck St., also of developments in industry and
the discovery of plastics, organic chem
Boston, MA 02115, USA

ical prostheses and semipermeable
membranes that have made possible
so much of the new surgery. And we
think of that most significant discov
ery of this century, bearing on surgery:
the isolation, identification and culture
of the poliomyelitis virus. This led
to the eradication of an entire area
of surgery, and a very unsatisfactory
one at that. The late Stanley Cobb
wrote that “it is the function of psy
chiatry to make psychiatrists unneces
sary”; by the same token, the surgeon
never regrets those discoveries that
make anatomical invasion or rear
rangement superfluous.
It is this kind of remarkable dis
covery that bears the world of clinical
medicine on its shoulders. The simile
brings to mind that scene on television:
the huge cargo plane labouring to get
off the ground while bearing on its
back the small space shuttle. Finally,
it gets off the ground and at a great
height loosens its burden. The space
shuttle separates, makes a few gliding
twists and turns, and settles back to
earth in a cloud of dust.
This epitomizes the manner in
which basic science carries aloft the
clinical fields and gives them a new
launch from time to time. They can
do their thing with a new concept or
a method before again becoming earthbound in routine, awaiting a new up
ward thrust.
Clinical advance in medicine, sur
gery, pediatrics and psychiatry is never
smooth and steady. It is a series of
upward bursts followed by prolonged
glides. Each upward thrust is based
on the fundamental scientific discov
eries of the time, whether they be in
chemistry, bacteriology or physiology.
Once launched from on high, clinical
work can always spin quite effective
ly for a while; surgery has made quite
a few remarkable loops and turns
before again becoming earthbound in
routine and needing another launch.
The record of primary discovery in
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Surgery, as a field of clinical skill
and scientific knowledge, advances
by Discovery, Development and
Delivery. While the basic biosciences
have been more productive in Discovery
than have the clinical fields, surgery
has participated in several important
areas of Discovery. Developmental
science is often called biomedical
engineering. In this activity, surgery
has been pre-eminent, while
it is the study and perfection
of Delivery that holds such promise for
the future of surgery. Distribution
and regionalization of operations,
bidirectional referral flow, manpower
norms and analysis of adverse outcomes
are important horizons for study in
surgical care delivery.
La chirurgie, en tant que champ de
connaissances cliniques et scientifiques,
progresse grace a la decouverte, au
developpement et a I’utilisation. Alors
que les sciences biologiques fondamentales ont ete plus fertiles en
decouvertes que ne I'ont ete les
sciences cliniques, la chirurgie a
participe a plusieurs domaines
importants de la decouverte. La
science du developpement est souvent
appelee genie bio-medical. Dans cette
activite, la chirurgie a tres eminemment
reussi, alors que c'est I'etude et la
perfection de son utilisation qui
renferment de telles promesses pour
le futur de la chirurgie. La distribution
et la regionalisation des operations, le
cours bi-directionnel des consultations,

les normes des ressources humaines
et I'analyse des resultats adverses
sont d’importants sujets d’etude dans
le domaine de la distribution des soins
chirurgicaux.

I want to thank you for inviting me
to accept the honour and privilege
of giving the first annual lecture of
the Canadian Association of General
Surgeons, and for the unique pleasure
of coming to Vancouver.
My topic deals with some of the
surgical high spots in science, or
should it be, rather, scientific high
spots in surgery? In any event, it is
a topic that is most deserving of
thought at this point in our century.
As advances in the life sciences reach
practical application, travelling from
the brain to the bedside, from the
laboratory to the operating room, they
follow the pathway of the three Ds:
Discovery, Development and Delivery.
Discovery — Atlas for the World
of Medicine

the course of surgical research is not
one to be ashamed of, although per
sons in other fields of science are
inclined to deride the idea of surgery
as a creative science. Even though we
might insist that surgery is art and
humanity as well as science, we would
hold fast to the view that surgeons
can be excellent scientists.
An outstanding example of surgical
science in the realm of discovery was
an early collaboration between the
United States and Canada. It marked
the maiden voyage of surgery on the
seas of discovery in the western world.
When a Canadian trapper, Alexis St.
Martin, was shot in the abdomen, an
American army surgeon, William
Beaumont, then stationed at Fort
Crawford in western Wisconsin, took
care of him. Studies began there which
became the basis of a book on the
physiology of gastric juice, on diges
tion, including a description of the
types of chemical substrate that the
gastric juice can act upon and the
conclusion that not only acid but a
very active “ferment” was involved.
Any way you look at it, this was
one of the great landmarks in modern
enzymology.
Shortly afterwards in neuropharma
cology came Wells, Long, Morton,
Jackson and Warren with the concept
of anesthesia and the introduction of
ether. Then Lister, with his concept
of the aseptic management of the in
terior of the human body. These were
advances felt through the whole body
of the biosciences, not limited to cli
nical surgery alone. And then we
should include Cushing, who, if he
had never taken up a scalpel, would
still have been a candidate for Bronowski’s list because he opened up
the field of pituitary endocrinology as
we know it today.2 Claude Bernard
and Walter Cannon were the first to
suggest that the body has a balanced
chemistry in which its cells can live,
and is constantly striving to maintain
that equilibrium. Many surgeons at the
time of World War I contributed new
data to the growth of those concepts,
in the study of “shock”.
Development in the Biosciences
and the Growth of Surgery

But it is in the second D, Develop
ment, that surgery has played such
an outstanding role and need take
second place to no other discipline
of medicine. The surgical operation
is an act of biomedical engineering
and the growth of surgery is quintes
sential developmental science. While
the surgical operation depends on the
sciences of anatomy, pathology, chem
istry and bacteriology, the joining of
340

them all together in an operational
tactical procedure is biomedical engi
neering or scientific development at
its best.
Surgical examples of bioscientific
development are too numerous to bear
detailed mention. The concepts of
homeostasis mentioned above, of the
blood groups, of endocrine function,
underlie the whole field of resuscita
tion, transfusion and the understanding
and treatment of shock. Dialysis for
renal failure traces back to the work
of Wilhelm Kolff,3 yet even he was
preceded by others, specifically Abel,
Rowntree and Turner,4 who studied
dialysis membranes and machines 30
years before, at the time of World
War I. Dialysis, in turn, made kidney
transplantation possible, and nucleic
acid chemistry, a part of molecular
genetics, led to the synthesis of 6mercaptopurine, and that, in turn, to
azathioprine and modern immunosup
pression.6"7
The quiet open heart, its interior
under repair in a methodical way
while the patient’s body is kept alive
through the use of a mechanical pump
and semipermeable membranes,8 is an
engineering achievement of our time
to be considered in the same category
as space flight. Artificial blood ves
sels, artificial hip joints, the reattach
ment of the separated retina, all these
represent developmental bioengineer
ing applied to basic science by sur
geons. All have led to the relief of
suffering for thousands of patients.
Science Simplifies as It Progresses;
Development Leads to Simplification
and Safety
Although the convolutions of scienti
fic knowledge appear to become more
complicated with each decade (parti
cularly as viewed by those in their
older years), they actually represent
the growth of basic simplifying con
cepts: organic chemistry, cellular inter
actions for energy exchange, protein
synthesis and the genetic code. Com
plexity is an illusion produced by the
fringe of new implications. The ad
vancing scientific core is simplifying.
Analogous to this progressive sim
plification of science by basic prin
ciples, is the progressive simplification
of techniques, most notably in surgery.
The surgeon is a doer, an achiever,
a seeker after efficiency and most es
pecially a simplifier. He is a sort of
“brother under the skin” to the electro
nics engineer, who in the last 20 years
has taken the computer from an over
sized, overheated room full of vacuum
tubes to a sliver-thin transistorized
chip for the hip pocket.
The history of the pump oxygenator

is a perfect example of the tendency
for surgical technology to develop sim
plification and safety. I remember a
visit about 1950 to the Philadelphia
laboratory of the late Dr. John Gib
bon, Jr. His pump oxygenator, suitable
for support of a small cat, was about
the size of two grand pianos. When
it was not working quite correctly it
tended to leak. One day we were
standing around watching it and soon
noticed that we were standing in a
spreading pool of blood. Our host,
ever cool and polite, remarked,
“Gentlemen, it is clear that my device
needs a little bit more work.” Only a
few years later (with the collaboration
of his wife) he performed the first
successful open-heart operations, first
in animals and then in man. Already
he had a much simpler device.8 And
now, 30 years later, it has been so
simplified that it has become a dis
posable device that a young technician
can operate any day of the week and
even at midnight at short notice.
The completed act of surgical care
likewise improves gradually and al
most imperceptibly. An interesting re
cent publication describes the specta
cular lowering of mortality in kidney
transplantation. It has become almost
a dinner party platitude to say that
there have been “no major advances
in transplantation for 17 years”. This
is a reference to the date of the first
isolation of azathioprine. In point of
fact, there have been many small ad
vances. But more important than any
one of these has been the sum total
of surgical familiarity with the pro
cedure. As a result, kidney transplan
tation amongst siblings or in family
groups now has a mortality below
2.0%. And even with cadaver donors,
while kidney loss may be much higher
than that, the mortality of the patient
is very low indeed.9
The mortality associated with coro
nary artery bypass grafting is another
example. Progressing without any
clear-cut breakthroughs, this aspect of
biomedical engineering, a rather com
plicated operation in itself, has now
reached the point where its mortality
in elective cases is between 1.0% and
2 . 0 % .10
Delivery — A Future Science
for Surgery

It is my belief that the most impor
tant area for surgical scientific devel
opment in this next 30 years will in
clude not only such familiar agenda
as molecular immunology in cancer,
or immunofortification in infection,
but also new data and conceptual ad
vance in the delivery process itself.
Surgery carries a high profile in the
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it should occur. And one of its most
important aspects is the “bidirectional
referral flow” concept, whereby a sur
geon faced with a difficult problem
always knows of a senior or more
experienced person whom he may call
to establish patterns of contact, infor
mation and referral. Even if the oper
ation is carried out in the smaller hos
pital because of urgency, there is
someone available for help and ad
vice.
In pediatric surgery there have been
identified 15 or 20 “index procedures”
that are of sufficient difficulty and
rarity that they should not be underta
ken outside institutions where a cri
tical mass of such operations is per
formed each year and where the ne
cessary team of pediatricians, geneti
cists, anesthetists and physiologists is
present to make the operation safe.
Any surgical operation should be
carried out by a skilled physician who
is in brain a scientist and at heart a
humanist. I do not believe that there
is any group of surgical procedures
that can be turned over to technicians.
The inguinal hernia repair may dis
cover the unexpected lymph node of
lymphoma; the dilation and curettage
for menopausal bleeding may reveal
the first sign of a cancer of the endo
metrium; the injured knee from a soc
cer game may betray an early tumour
of the upper tibia. Make no mistake,
my plea is not for stratification of sur
gical operations into less skilled hands,
but rather that the fully trained and
expert surgeon should be a part of a
communications network and aware,
quite acutely, of what operations are
appropriate for his institution. It is
a plea for regional planning in the
responsibility of complex surgical
care.
The distribution of surgical man
power is an aspect of surgical care
delivery in which recent studies have
been carried out in both Canada and
the United States. The subject is far
too complex to review in detail here,
save to indicate that our national sur
gical study (SOSSUS), completed in
1975, led to several clear-cut conclu
sions in the manpower area.11"13
1. We appeared to be training too
many surgeons in the United States
residency system. There were too
many surgeons “in the pipeline”.14
2. The actual number of board-cer
tificated surgeons, fully trained and
apparently well qualified, was about
right for the population needs of the
United States, both now and for the
next 25 years, allowing for the natural
growth of both groups.
3. There were too many surgical
operations being carried out by un
qualified people in the United States.

These data arouse defensive con
troversy and difference of opinion.
Large national surgical organizations
may feel somehow threatened if one
suggests that there might be an op
timal number of surgeons, from which
we may be departing. It is very diffi
cult for a group of highly trained and
self-respecting professionals to come
to the conclusion that there may be
too many of themselves! It is some
how a loss of self-esteem.
For an attractive field such as sur
gery, with professional and financial
rewards, controls there must be. Volun
tary controls are the least easily ana
lysed but by far the most effective. It
is a source of pride that surgical man
power training programs in the United
States have been tapered down a bit
in the last few years and that the
manpower efforts undertaken both in
Canada and the United States have
resulted in a more sensible program
for postgraduate surgical education in
relation to the needs of the country.
The concept that the most expert
surgeon is the man who carries out
the largest number of operations in a
specific field has no basis in fact. A
person carrying out too many opera
tions each day does not have time to
consider the special needs of the family
or to deal with the exceptional case.
Everything becomes routine. If the pa
tient can be sure he is a routine case
he is fairly well handled; fortune may
favour the brave, but it never favours
the speedy. At the other end of the
scale, it is clearly impossible for a
surgeon to maintain skills when he is
not carrying out operations.
There are amusing and specific dif
ferences here that relate to the exact
nature of the operation. Abdominal,
soft tissue, visceral, surgical dissec
tions possess a sort of generality of
technique. A surgeon need not carry
out a right colectomy every day of
the week in order to remain expert in
that operation. But if that same surgeon
is anastomosing a small artificial blood
vessel to the tibial artery, this is some
thing he had better perform frequently
if he is going to maintain and increase
his expertise.
Similarly, in other fields, be they
neurosurgery, orthopedics, urology or
thoracic surgery, there are operations
that possess a generality of expertise,
but there are other highly specific and
fussy procedures that must be done
frequently for the operator to maintain
his skill. This aspect bears not only on
the distribution of surgical operations,
as mentioned above, but most especial
ly on the distribution of surgical man
power. One student said that he always
recognized a community where there
were too many neurosurgeons because
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sociology of medical care and in the
analysis of outcomes because surgery
is effective, each act can be analysed,
their sum enumerated and the results
clearly assessed.
Pediatrics has expanded its mandate
into genetics, while internal medicine
has invaded molecular biology and
psychiatry has moved into neurotrans
mitters. It is incumbent upon surgery
at this time to extend its horizon to
include the urgent agenda of surgical
care delivery.
These studies of surgical care deliv
ery might be considered as falling into
three categories: the distribution of
surgical operations, the distribution of
surgical manpower and the analysis of
adverse outcomes.
Distribution of surgical operations
has always been an intrinsic if “auto
matic” aspect of the development of
new operations in the university sur
gical establishments of Canada and the
United States. The more complex op
erations, during their development, are
centralized in large centres, and pa
tients are referred there. Then, as the
procedures become standardized and
more trainees are developed who un
derstand them, both the surgeons and
the operations emigrate to the smaller
communities and there begin the
spread of patient care by new modali
ties over larger areas.
I believe there is a general aware
ness that the time has now arrived
to take a more active and inquiring
view towards this essentially laissez faire
distribution. For example, there is the
familiar problem of the resident who
has been raised on a steady diet of
rather complex operations. As a young
surgeon he may, himself, be unaware
of the protection afforded both him
and the patient by the protective cloak
of the large teaching hospital, with its
many consultants, its special facilities,
its expert anesthesia, its 24-hour blood
bank and its laboratory. When he tries
to move a familiar operation, which
he carries out so expertly, to a smaller
community, there may be disaster. His
manual skill has remained unchanged,
but the protective surroundings have
been lost.
With the distribution of dense popu
lation from the Atlantic to the Pacific
coasts of North America, and the in
creasing stability of our populations,
it is essential that we have some sort
of sensible organization for the more
complex, difficult and dangerous op
erations. It is not my intent here to
invade politics and inquire whether
such distributional patterns should be
established by a federal agency or, as
I would much prefer, by the voluntary
activity of surgical organizations. But

too many of them were involved in
“moving the ulnar nerve back and
forth”. Somehow there is an ideal dis
tribution of operations and of surgeons,
probably never to be fully analysed or
precisely regulated. But the “confidence
limits” (no pun intended) in these two
fields are closely related.
The analysis of adverse outcomes
has been the focus of sporadic inter
est in surgery for many years. Many
articles in the surgical literature analyse
series of cases of surgical care with an
eye to enumeration of successes and
of adverse outcomes or failures.
In some instances these failures are
due to the progress of the disease it
self, and this is most especially true
in cancer.
But in other fields one is dealing
with well-established areas of surgical
technology in nonmalignant disease.
For example, in a recent analysis of
adverse outcomes in colon surgery,
one is struck with the fact that surgical
error itself may be predominant in
the failure to achieve a good result.15
The urgent need for analysis of adverse
outcomes relates most particularly to
adverse outcomes from familiar proce
dures. It is the death from appendicitis
between the ages of 2 and 90 that
should attract attention; the peritonitis
after a colon resection, empyema after
lobectomy, jaundice after cholecys
tectomy.16
Sociologists and economic analysts
somehow persist in focusing on the
newest, m ost difficult or most expen
sive operations, in their desire to assess
“new technology”. The urgent social
question is: How well are we teaching
and practising the “old technology”?
The urgent need from a social point
of view has to do with the analysis
of adverse outcomes from common
treatments, familiar operations: the
epidemiology of failure, as it were.
Here we are dealing with something
that might be called “policing policy”.
It calls to mind unpleasant alterna
tives, including penalties, censure and
mandates to order further education.
Despite these unpleasant overtones,
such analyses must be carried out. An
attem pt to do this in the United
States by the Professional Standards
Review Organizations (PSRO) has been
notably unsuccessful. The PSRO move
ment began its focus wholly on the
economic side, the number of days in
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the hospital and justification for ad
mission. Neither of these criteria di
rects attention to the central problem
of adverse outcome from misapplica
tion of a familiar procedure.
One possible approach here would
be a regional study. Regional studies
of surgery for*cancer of the colon,
for example, or cancer of the breast,
abdominal infection or trauma, should
be done. W here there were foci of ad
verse outcome, or individuals whose
results were short of acceptable, such
would be disclosed.
Is this third “D ”, the delivery of
surgical care, to be regarded as a
science? Or is it sociology? Or ethics?
Or is it just a form of economics,
trying to achieve efficiency? Or is
it merely politics: a way of achieving
a database for advocacy of some new
system?
One of the beauties of the scientific
method is that it embodies an imper
sonal discipline. A study protocol is set
forth. Objectives are identified. Means
to that end are outlined. The scientific
method is a vehicle or vessel — pos
sibly an arm our — in which studies
that may be delicate, controversial or
personally threatening, can be carried
out effectively.
These studies of the nature and dis
tribution of surgical operations, sur
gical manpower and the analysis of
adverse outcomes should therefore be
pursued in the discipline and rigour
of science. I believe they form an
important scientific salient for the fu
ture of surgery. In no other field of
medical care can they be pursued in
such a clear-cut and effective way. Not
only are these studies of the distribution
of operations, of surgeons, of adverse
outcomes, pressing matters for science,
but they are of outstanding interest
to surgeons. If this field of science is
not undertaken by surgeons it will be
undertaken by others with no detailed
knowledge of the needs of the sick
or the demands of communities. For
this science of surgical care to thrive,
it must be pursued by surgeons who
have added this schooling to their
clinical skills just as, in the past,
surgical scientists mastered large areas
of human biology. For North America
the surgeons of the United States and
Canada can undertake such studies to
gether just as they did in the field of
manpower.
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ORIGINAL CONTRIBUTIONS

Ski Fractures Above or Below the Boot Top
Paul D ubravcik, md , frcs[c ]* and D avid L . B urke , md , FRCs[c]t

In a group of 643 skiers with fractures
of the tibial shaft there were 161
ski boot fractures. The authors identified
and classified these fractures according
to the amount of instability,
comminution, angulation, displacement,
rotational deformity and ankle joint
involvement. The majority of less
severe fractures occurred in children
and adolescents while the number of
more severe fractures increased in
proportion to the skier’s age. Seventytwo skiers were included in the
follow-up examination. Closed man
agement of ski boot fractures offered
satisfactory results. Types 3 and 4
fractures (unstable, comminuted, with
angulation greater than 15°, displace
ment and rotational deformity)
sometimes resulted in osteoarthritis
of the ankle joint. The authors present
a biomechanical explanation of deformity
through a quasistatic force analysis of
the observed fracture level.

identifie et classifie ces fractures en
fonction du degre d'instabilite, de la
comminution, de I'angulation, du
deplacement, de la difformite de
rotation et de I’atteinte de I’articulation
de la cheville. La majorite des fractures
de moindre importance survinrent
chez les enfants et les adolescents
alors que le nombre des fractures
plus serieuses augmentait avec I'age.
Soixante-douze skieurs firent I’objet
d’un examen ulterieur. Le traitement
ferme des fractures au niveau de la
botte de ski donna des resultats
satisfaisants. Les fractures de type 3
et 4 (instabies, comminutives, ayant
une angulation superieure a 15°,
difformite de deplacement et de
rotation) ont parfois donne lieu a une
osteoarthrite de la cheville. Les auteurs
offrent une explication biomecanique
de la difformite reposant sur une analyse
des forces quasi-statiques du niveau
de fracture observe.

Parmi un groupe de 643 skieurs ayant
subi des fractures du corps du tibia,
il y eut 161 fractures sises au niveau
de la botte de ski. Les auteurs ont

Twenty-five per cent of all tibial
shaft fractures sustained while skiing
have been categorized; as “boot top”
fractures.1 Several aspects of this injury
(the level of the fracture, classification
and the biomechanics of the deformity)
have not until now been satisfactorily
explained.

and 106 were children or adolescents.
Closure of the growth plate was the
radiologic criterion used to define the
adult group. Fifty-two patients were
female, 108 were male. Their ages
ranged from 7 to 49 years. In one
patient both legs were fractured.
Four representative types o f frac
ture were found and were classified
according to the amount of instability,
comminution, angulation, displacement,
rotational deformity and ankle joint
involvement.
Type 1 Fractures (Fig. 1)
These were greenstick, stable frac
tures
with
minimal
comminution
(buckling) anteriorly and negligible
(less than 5 °) angulation. N o displace
ment, rotational deformity or ankle
joint involvement was present. Thirtyfour children and 8 adults had type 1
fractures.
Type 2 Fractures (Fig. 2)

From the departments o f surgery,
Reddy Memorial Hospital and Montreal
General Hospital, Montreal, PQ
Presented at the 2nd International
Conference on Ski Trauma and Skiing
Safety, Sierra Nevada, Spain, Apr. 18, 1977

Patients and Classification

These were stable fractures with
minimal comminution (usually ante
riorly), posterior (Fig. 2, A ) or an
terior (Fig. 2, B) angulation of 15°
or less, and anterior or posterior dis
placement o f the distal fragment of
1 cm or less. Rotational deformity
was occasionally present but the ankle
joint was not involved. In this group
there were 64 children and 12 adults.

Between 1964 and 1976, almost
5000 injured skiers were treated at
three emergency ski clinics at resorts
in the Laurentian Mountains, Quebec;
643 tibial fractures were seen and 161
(25% ) of these were classified as
typical boot top fractures. We have
defined this injury as: a transverse or
short oblique fracture, with or without
displacement or comminution, occurring
in the distal third of the tibia, at the
top or just below the top of the ski
boot. Of the 160 skiers 54 were adults

Type 3 fractures, seen in 8 children
and 21 adults, were unstable, fre
quently comminuted with posterior
(Fig. 3, A) or anterior (Fig. 3, B) angu
lation greater than 15° and anterior or
posterior displacement of the distal
fragment greater than 1 cm. Rotational
and valgus or varus deformities were
repeatedly encountered but there was
no involvement of the ankle joint.
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Type 3 Fractures (Fig. 3)

Type 4 Fractures (Fig. 4)
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FIG. 1—Type 1 fracture: greenstick,
buckling-in compression, incomplete and
not displaced.

These were intra-articular unstable
fractures, comminuted, angulated, dis
placed and with rotational deformities.
Ankle joint involvement of different
degrees was a characteristic feature.
The 14 fractures in this group were
all seen in adult skiers.
The majority (92%) of children and
adolescents sustained type 1 or type 2

FIG. 3—Type 3 fracture: unstable
comminuted, angulation greater than 15°
or displacement greater than 1 cm, or
both, rotational deformity and soft tissue
injury.

fractures. Type 3 accounted for 38%
of adult fractures.
The fractures in type 2 and type 3
categories were analysed further with
respect to angulation and displacement
(Table I).
Anteroposterior
roentgenograms
showed valgus or varus angulation in
17 (16%) and lateral or medial dis
placement in 20 (19%) of 105 fractures
either singly or in combination.
Lateral roentgenograms consistently
showed angulation, with or without
anterior or posterior displacement.
Types 2 and 3 fractures demonstrated
posterior angulation in 76 (72%) of
105 fractures. Sixty-three of these
occurred in combination with anterior
displacement of the distal fragment
resulting in a deformity common to
this type of ski injury.
As noted previously,1 the frequency
of anterior angulation with or without
posterior displacement of the distal
fragment is much lower, and in this
series occurred in only 5 (5%) of 105
fractures.
Quantitative assessment of the rota
tional deformities is very difficult from
standard roentgenographic views, and
therefore evaluation must be primarily
clinical. Since the rotational deformities
documented were not amenable to
analysis, they do not significantly con
tribute to the classification.
Treatment, Results and
Complications

Initial evaluation and treatment
were undertaken within 1 to 2 hours
of injury. All the fractures were prima
rily treated by closed reduction when
indicated and were immobilized in an
above-knee plaster cast. Only minimal
analgesia was required, and only in
older adolescent and adult patients.
A standard reduction technique was
used with the ankle held in a maximum
of equinus when posterior angulation
was present. An open wedge technique

T a b le

1— A n g u la tio n a n d D is p la c e m e n t o f
105 T y p e s 2 a n d 3 F r a c tu re s
No. o f
fr a c tu r e s

A n g u la tio n (5 ° to 3 0 °)
P o s te rio r
A n te r io r
V a lg u s o r v a ru s

76
5
17

D is p la c e m e n t o f d is ta l fr a g m e n t
(0 .3 to 6 c m )
A n te r io r ly
P o s te rio r ly
L a t e r a lly o r m e d ia lly

84
3
20

C o m b in a tio n o f p o s te r io r a n g u la tio n a n d a n te r io r d is p la c e 
m e n t o f d is ta l fr a g m e n t

63

FIG. 2—Type 2 fracture: stable,
minimally comminuted, angulation less
than 15° or displacement less than 1 cm,
or both.

FIG. 4—Type 4 fracture: intraarticular, with or without displacement,
comminuted.
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of angular correction was employed
either at the time of the initial treat
ment, or from 10 days to 4 weeks
following injury in order to obtain the
best reduction possible. The majority
of patients were followed as out
patients by roentgenographic examina
tion. The average follow-up was 5.3
years from the time of injury. Eighteen
(11%) of the 160 patients required
hospital admission for further mani
pulation of the fracture under general
anesthesia.
Type 1 Fractures
There were no complications in this
group and the results were excellent.
Type 2 Fractures
Excellent results were obtained. Im
mobilization was seldom required for
longer than 6 weeks. There were no
complications.
Type 3 Fractures
Patients with type 3 fractures fre
quently required hospital admission for
closed reduction under general anes
thesia (10 of 29). One patient under
went an open reduction and internal
fixation. Eight patients underwent cor
rective wedging between 2 and 4 weeks
after the injury. The average duration
of immobilization was 12 weeks. In
only one instance was delayed union
suspected 20 weeks after the injury; an
additional 6 weeks of functional brac
ing resulted in full recovery.
Type 4 Fractures
Intra-articular fractures, as described
by our type 4 classification, occurred
only in adult skiers. Oblique roent
genograms, together with tomograms,
should be obtained whenever this type
of fracture is suspected.
Ten patients out of 14 with intraarticular fractures of the ankle joint
were included in our final assessment
of results. Two patients had open re
duction. One had radiologic evidence
of osteoarthritis 3 years after the
fracture and the other showed a
minimal incongruity of the ankle joint,
2 years after open reduction. Neither
patient resumed skiing. Metatarsalgia
and medial plantar nerve entrapment
syndrome occurred in the first case.
Two other patients in this group de
veloped hammer toe deformities due
to flexor tendon adhesions at the
fracture site. The patients underwent
tenolysis, with tendon lengthening, 1
and 2 years after the injury, respec
tively. The degree of comminution
together with soft tissue injury at the
level of the fracture is believed to be

the main reason for this complication.
We believe that when comminution
is present open reduction with internal
fixation may further aggravate soft
tissue injury and contribute minimally
to the end result. We recommend
closed manipulation under general
anesthesia and application of a plaster
cast. A minimum of 12 weeks of im
mobilization in plaster of Paris is re
quired. A further 2 to 4 weeks of non
weight bearing is also preferred after
the cast has been removed. The prog
nosis for this fracture is less favour
able than for those without articular
involvement.

shell of the boot. We considered that
this “below-the-boot-top” location of
the fracture was an important factor in
producing the displacement pattern we
observed; therefore, a quasistatic force
analysis was made to explain the
mechanism.
The major forces acting on the
shank-boot-ski unit in a forward fall
are illustrated in Fig. 7 and consist of:
force F a exerted on the ski boot unit
by the obstruction and force Fi exerted
at the level of the knee joint by the
inertia of a skier’s upper body mass.
Considering only the shear forces

Biomechanical Considerations

As reported previously by Hoflin
and van der Linden,2 the history of
injury in a typical boot top fracture is
of a forward (or occasional backward)
fall, often combined with rotation
when the ski strikes an obstacle.3
The typical posterior angulation is,
therefore, consistent with the belief
that “the tibia breaks against the hard
rim of the ski boot”2 when a forward
fall occurs (Fig. 5). Anterior displace
ment of the distal tibia, as noted by
others,1,2 was observed in 84 of our
105 patients with type 2 and type 3
fractures. It has been previously stated
that the displacement occurs when the
skier attempts to stand after the injury,
but this theory seems inadequate and
is incompatible with our experience.
One hundred and twenty-four (77%)
fractures in our series occurred be
tween 2 and 5 cm proximal to the ankle
joint (Fig. 6). The fracture level coin
cides with the upper margin of the
inner shell of the boot, well below the
upper anterior margin of the outer

FIG. 6— One hundred and twentyfour (77%) boot top fractures occurred
2 to 5 cm proximal to ankle mortise.

de

FIG. 7—Major applied and inertial
forces involved in ski boot fractures.
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FIG. 5— Mechanism of typical
formity of ski boot fracture.

acting at the level of the boot, we
anticipated that the upper fragment
would be displaced anteriorly if the
fracture occurred at this level. The
displacement, however, was contrary
to what we observed, so further ex
planation seemed warranted.
A quasistatic force analysis is illus
trated in Fig. 8. The force diagram
shows four forces acting on the tibiaankle-foot unit. If we consider this
segment to be a rigid free body at a
particular instant in time, the forces
shown are: F>—inertial force acting
at the level of the knee joint, F h— the
reaction force of the boot on the heel,
F b— the reaction force of the boot on
the ball of the foot and FR—the re
sultant force which is equal to the
vector summation of FA (the force
exerted on the ski boot unit by the
obstruction, see Fig. 7) and additional
reaction forces applied from the ante
rior aspect of the boot on the distal
tibia and upper foot.
In this analysis, we have ignored the
inertial torque applied to the tibia,
since it would produce a moment of
essentially constant magnitude along
the length of the tibia.
The forces are indicated with their
approximate directions and magnitudes.
The small arrows in Fig. 8 in
dicate an approximate pressure distri
bution pattern which occurs on the
anterior aspect of the distal tibia and
dorsal aspect of the foot when the
body and leg are thrust forward
against the decelerating ski boot unit.
A distribution of pressure distal to
the actual anterior soft margin of the
upper shell was defined. The point of
maximum pressure experienced in
trials on six different plastic moulded
boots localized at 2 to 5 cm proximal
to the ankle joint. This closely approxi

mated the upper margin of the inner
shell of the boot. The force diagram
may be considered as a free-body
diagram of the tibia-ankle-foot unit
except that the inertial torque prod
uced by the upper body mass and
shank are not shown. They have been
eliminated for the sake of clarity and
do not substantially affect the sub
sequent analysis.
The shear force diagram in Fig. 7
indicates that the maximum bending
moment produced by the shear forces
occurs at the level of the resultant
force (FR). This is the level at which
there is the highest frequency of frac
ture. When this bending moment, in
combination with the shear forces and
additional bending moment produced
by the applied inertial torques, exceeds
the strength of the tibia, fracture will
occur at the level of the resultant force
(Fr) on the tibia.
When the fracture occurs at that
level (Fig. 5), the centre of rotation of
the tibia is at the upper anterior margin
of the outer shell, designated as the
fulcrum. The rotational displacement
pattern results in the typical posterior
angulation of the fracture with ante
rior displacement of the distal frag
ment.
Torsional stresses are not included
in this analysis but are recognized as
being important in producing the
other types of rotational, valgus and
varus deformities. While reviewing the
mechanism of injury in our type 4
fractures, we found that a vertical
force (such as that resulting from a fall
from a height) was the mechanism in
8 of 10 patients. This observation,
although not included in our primary
biomechanical analysis, has stimulated
a further investigation of this type of
fracture.

Summary and Conclusions

Ski boot fractures, as we prefer to
call them, remain a common type of
injury to the lower extremity in skiers
of all ages. In our study of 643 tibial
fractures seen between 1964 and 1976,
161 were identified as ski boot frac
tures. Seventy-two (45%) skiers were
included in our follow-up evaluation, at
an average of 5.3 years. Fifty-one of the
skiers were seen and examined by one
of us (P.D.). The remaining 21 were
contacted either by phone or mail.
Roentgenograms of the tibia, ankle and
knee joint were obtained including,
when possible, a lateral view of the
healed tibia with the original ski boot
worn.
Closed management of all four types
of fracture gave satisfactory results in
most instances. In patients under 10
years of age, a residual angulation of
up to 8° corrected itself spontaneously
(four of our patients) during the re
maining period of growth. However,
we are convinced that any residual an
gulation in adults should be corrected
to decrease the risk of osteoarthritis.
Displacement of fragments, when
good alignment with at least 50% of
apposition was obtained, did not affect
the final result. In some of our patients
(5 of 20 patients examined during
follow-up of type 3 and type 4 frac
tures) there was minimal (less than 2
cm) acceptable shortening or palpable
deformity.
Four basic types of ski boot fracture
were identified and classified accord
ing to the amount of instability, com
minution, angulation, displacement,
rotational deformity and ankle joint
involvement. Our classification proved
to be of great assistance in subsequent
treatment, determining the duration of
immobilization, preventing complica
tions and predicting the final outcome.
The majority of type 1 and type 2
fractures occurred in children and
adolescents, while the incidence of
more severe fractures increased with
the skier’s age. Type 4 intra-articular
fracture, particularly in adults in our
series, carried the worst prognosis.
The fracture level and a typical dis
placement pattern have been analysed.
Through a quasistatic force analysis,
the observed fracture level, angulation
and displacement have been explained.
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Cardiac Output Measurement by Thermodilution
C onrad P elletier , md , frcs [c ], facs,* w ith the technical
GlLLES DUFORTf AND PlERRE FORTIERf

The accuracy of thermodilution for
measuring cardiac output was studied
by comparing this method with measure
ments obtained by an electromagnetic
flowmeter in the dog. Thermal curves
were computed by a cardiac output
computer and absolute flows were
obtained by pump calibration of the
flowmeter. Regression analysis showed
an excellent correlation (P < 0.001)
between thermodilution measurements
with injectates at 0°C and flowmeter
measurements using either cannulating
probes (n = 105, r = 0.98) or peri
aortic probes (n = 100, r = 0.96). With
the use of normal room temperature
injectates, a good correlation was also
found with absolute flows (n = 75,
r = 0.92, P < 0.001). Thermodilution
overestimated cardiac output by 3% to
9%. In 32 pairs of successive cardiac
output determinations by thermodilution,
there was no significant difference
between the two measurements
(P > 0.05). In eight patients cardiac
output was measured postoperatively
by thermodilution with injectates at
0°C and 24°C administered in rapid
succession. Regression analysis of 50
pairs of measurements at the two
temperatures showed a strong
correlation between the two techniques
(r = 0.96) and the two results were
not significantly different (P = 0.00001).
Cette etude evalue la methode de
thermodilution pour mesurer le debit
cardiaque en la comparant avec les
resultats obtenus par un debitmetre
electromagnetique chez le chien. Les
courbes thermiques ont ete integrees
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a I'aide d’un calculateur de debit
cardiaque et les debits absolus etablis
en calibrant le debitmetre avec une
pompe. L’analyse des courbes de
regression a montre une excellente
correlation (P < 0.001) entre les
resultats de la thermodilution avec des
injectats a 0°C et ceux du debitmetre
obtenus tant avec des canules
Cn = 105, r = 0.98) qu'avec des sondes
periaortiques (n = 100, r = 0.96).
L’utilisation d’injectats a la temperature
de la piece a egalement donne
une bonne correlation avec les debits
absolus (n = 75, r = 0.92, P < 0.001).
La thermodilution a surevalue
le debit cardiaque de 3% a
9%. II n'y eut aucune difference
significative entre deux mesures
successives du debit cardiaque par
thermodilution dans 32 paires de
determination (P > 0.05). Chez huit
operes, nous avons compare apres
I'intervention le debit cardiaque mesure
par thermodilution avec des injectats*
a 0°C et a 24°C en deux injections
successives. La courbe de regression
des 50 mesures faites a ces deux
temperatures a demontre une excellente
correlation entre les deux resultats
(r = 0.96), sans difference significative
(P = 0.00001).
Since its introduction by Fegler1 in
1954, the principle of thermal dilution
to measure cardiac output has aroused
much interest. The method is reliable2,3
and its clinical use developed rapidly
because it is innocuous, relatively sim
ple and permits repeated measure
ments. Equipment is now commer
cially available to compute thermo
dilution curves and give cardiac output
instantaneously as a digital value. This
technique is particularly valuable in the
critically ill patient and during the
immediate postoperative period after
cardiac surgery, when repeated cardiac
output determinations may be useful.
The purpose of this study is twofold:
first, to evaluate the degree of accu
racy of standard equipment available
for clinical use particularly at low rates
of flow, because it is in such condi
tions that the method is most fre
quently used; and second, to assess the
reliability of the method using injec
tates at normal room temperature as
opposed to iced injectates.
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Technique, Material and Methods
Principle
The principle of thermal dilution
has been described in detail in numer
ous publications.4'6 Briefly, a known
amount of cold fluid is injected into
the right atrium. The temperature dif
ference between blood and the mixture
of blood and cold injectate is measured
by a thermistor sensor and a cold
dilution curve is obtained. To obtain
complete mixing of the injectate and
blood at the level of the right ventricle,
temperature changes are measured in
the pulmonary artery. Cardiac output
is computed from the following equa
tion, derived from the Stewart-Hamilton formula:
_ (1.08) (CQ (60) V, (T„ - TQ
o / ” A T b (t) dt

where CO is the cardiac output (ml/
min), 1.08 is the factor for specific
gravity and heat of blood and injectate
when 5% dextrose is used, Ct is the
correction factor for rise in injectate
temperature, 60 represents the number
of seconds/minute, Vi represents the
volume of injectate, Tb is the initial
blood temperature (°C), Ti is the initial
temperature of the injectate (°C) and
0/ “ A Tb (t) dt is the integral of blood
temperature change (°C /s).
This calculation is done by a battery
powered computer and cardiac output
given on a digital display. Computation
time is set on the computer according
to the duration of the recorded tem
perature curve to include the downslope of the curve to the baseline.
Experimental Procedures
Seventeen dogs, weighing 14 to 40
kg, were anesthetized with thiopental
and chloralose (15 and 60 m g/kg body
weight, respectively), paralyzed with
gallamine (3 mg/ kg body weight) and
artificially ventilated with a Harvard
respirator (Harvard Apparatus Corp.,
Millis, MA). Oxygen was added to the
inspired gas and the rate of breathing
adjusted to maintain the arterial oxygen
pressure between 90 and 110 mm Hg
and the carbon dioxide pressure be-
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tween 30 and 40 mm Hg. Bicarbonate
was infused as needed to maintain a
pH of 7.35 to 7.45.
Catheters were placed in the jugular
vein for drug infusion and in the aorta
through a brachial artery for the mea
surement of aortic blood pressure. A
Swan-Ganz flow-directed thermodilu
tion catheter, No. 7 French, (Edwards
Laboratories, Santa Anna, CA), was
directed into the pulmonary artery
from the right femoral vein and its
position was verified manually after a
right or left thoracotomy had been
done. Calculation of cardiac output
was obtained by a battery powered
thermodilution cardiac output com
puter (Edwards Laboratories). Thermo
dilution curves were always recorded
and the computation time of the com
puter adjusted to 15 or 20 seconds
depending on the duration of a test
curve. Aortic blood flow was measured
with an electromagnetic flowmeter
(Statham Instruments, Oxnard, CA)
using either periaortic flow probes
around the ascending aorta or cannulating flow probes inserted in a deriva
tion circuit introduced into the de
scending thoracic aorta. In the latter
experiments, a large-bore derivation
cannula was introduced proximally
and distally into the descending aorta.
Two side branches of this cannula per
mitted perfusion of the innominate and
left subclavian arteries which were cannulated separately after proximal liga
tion. Hence total aortic blood flow
could be measured through this shunt
ing device by a cannulating flow probe
inserted proximal to the side branches.
In six dogs coronary blood flow
was measured simultaneously with
aortic flow using perivascular flow
probes. Total cardiac output was thus
obtained and the coronary blood flow
ratio calculated. The average ratio was
added to the aortic flows measured in
all experiments to obtain total cardiac
output.
After each experiment, the flow
probes were pump-calibrated by cir
culating blood through the cannulating
probes or through a segment of aorta
with periaortic probes secured to it.
When cannulating probes were used,
a side derivation cannula permitted
verification of the zero flow by re
peated occlusion during the experi
ment. With perivascular probes, the
electrical zero was adjusted during the
experiment and verified by clamping
the vessels at the end of the procedure.
Aortic and pulmonary artery pres
sures were measured with strain gauge
transducers. Pressures, aortic and coro
nary blood flows, and thermodilution
curves were all recorded with a multi
channel ink-writing Dynograph recorder
(Beckman Instruments Inc., Schiller
Park, IL).

Measurements of cardiac output ob
tained by thermodilution were plotted
against absolute flow measured simul
taneously by flowmeter and corrected
for coronary blood flow. Measure
ments made in patients receiving suc
cessive injectates at the two temper
atures were compared. Statistical an
alysis of the data included regression
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Cardiac Output Measurements
The body temperature of the dog
was monitored continuously with an
esophageal thermistor probe, the ac
curacy of which was regularly con
trolled with a mercury thermometer.
The temperature of the injectate was
measured with an enlarged-scale mer
cury thermometer having a recording
accuracy of 0.25°C. Thermodilution
curves were obtained by injecting 10
ml of 5% dextrose in water at 0°C or
at normal room temperature. Mea
surements were made simultaneously
by thermodilution and with an electro
magnetic flowmeter, and cardiac output
was varied either by bleeding the dog
through a cannula introduced into the
femoral artery or by infusing iso
proterenol (1 m g/500 ml 5% dextrose)
through a catheter inserted in the
jugular vein.
Clinical Evaluation
The accuracy of cardiac output de
termination using injectates at room
temperature was assessed in eight pa
tients. All measurements were made
during the first 48-hour period postoperatively. Five patients had under
gone valve replacement, two had un
dergone coronary artery surgery and
one was on intra-aortic balloon pump
ing for postinfarction heart failure. A
Swan-Ganz flow-directed thermodilu
tion catheter (no. 7 French) had been
placed transcutaneously through the
left basilic vein into the pulmonary
artery prior to surgery. Postoperative
cardiac output was measured in situa
tions that are usually encountered
during early postoperative care: in
tubation with mechanical ventilatory
support, during weaning from the
respirator or after extubation, before
and after rapid blood transfusion and
during pharmacologic support with
adrenergic drugs. Two successive mea
surements were performed within 60
seconds with injectates of 5% dextrose
in water (10 ml) at 0°C and at 24°C
in random order. Thermodilution
curves were recorded on a Honeywell
ultraviolet Visicorder (Honeywell Inc.,
Minneapolis, MN) and cardiac output
was obtained by a battery powered
computer (Edwards Laboratories).

studies, correlation coefficients
paired Student’s /-tests.

and

Results
Coronary Blood Flow
Coronary blood flow averaged 5.6%
of total cardiac output in six dogs
(range 4.2% to 7.1%). This average
value was used to calculate total car
diac output in all experiments.
Precision of the
Thermodilution Technique
Thermodilution curves were always
recorded (Fig. 1); curves considered
unsatisfactory by visual observation
were discarded. In 105 simultaneous
determinations, cardiac output mea
sured by thermodilution (CO*) with
injectates at ice temperature (0 ±
1.5°C) was compared to that measured
by the electromagnetic flowmeter
(COfm) using a cannulating flow probe.
Cardiac output ranged from 1 1/min
to 6 1/min; the average output, mea
sured by the flowmeter, was 2.62 ±
0.14 1/min (mean ± SEM) and by the
thermodilution method was 2.71 ±
0.12 1/min. The correlation between
the two methods was good (correlation
coefficient r = 0.975) (Fig. 2). Ther
modilution overestimated cardiac out
put by an average of 8.8% compared
to absolute flows (COth - COfm/CO tm
X 100), and the interception point of
the regression line was 0.47. Thermo
dilution measurements with ice injec
tates (0 ± 1°C) also correlated well

FIG. 1— Thermodilution curve
ob
tained by injection of 10 ml 5% dextrose
in water at 0°C .

Data Analysis

FIG. 2— Regression analysis of 105
paired cardiac output determinations by
flowmeter using cannulating probes and
thermodilution with ice injectates (0° ±
1.5°C) (r = 0.975, P < 0.001, y = 0.470
+ 0.858X).

(r = 0.963) with absolute flows ob
tained by periaortic flow probes in 100
paired determinations (Fig. 3). The
interception point of the regression line
was 0.33. Total cardiac output aver
aged 2.27 ± 0 . 1 0 1/min and 2.28 ±
0.09 1/min as measured by flowmeter
and thermodilution respectively, with
a mean overestimation of 2.9% by the
latter.
In a group of 75 paired determina
tions, thermodilution curves were ob
tained with injectates at normal room
temperature (22°C to 25°C) and car
diac output was compared to absolute
flows measured by flowmeter using
periaortic probes (Fig. 4). The correla
tion coefficient between the two
methods was 0.924 with an intercep
tion point at 0.35. Mean cardiac out
put was 2.40 ± 0.09 1/min as mea
sured with the flowmeter and 2.44 ±
0.08 1/min by thermodilution, the
latter overestimating cardiac output by
an average of 3%. The correlations
obtained with thermodilution curves
obtained from injectates at ice tem
perature and at room temperature
were not significantly different at the
1% level, when the three regression
curves were compared.
Reproducibility of the Method
Thirty-two successive determinations
of cardiac output were made (Table I)
by two thermodilution measurements
within 60 seconds to determine the
degree of reproducibility of the me
thod. During each pair of measure
ments, cardiac output measured by
flowmeter remained constant and
averaged 1.97 ± 0.12 1/min (range
1.19 to 4.74 1/min). With thermodilu
tion, cardiac output averaged 2.11
1/min for the first determination and
2.09 1/min for the second. The differ
ence between the two measurements
averaged 0.02 ± 0.02 1/min, or 1% of
total cardiac output, and was not
statistically significant (P > 0.05).
Clinical Evaluation of the
Temperature Factor
In eight patients who had under
gone surgery, pairs of cardiac output
determinations were obtained by ther
modilution with successive injections
of injectate at ice temperature (0°C ±
1°C) and at normal room temperature
(24°C ± 2°C) in random order. Total
cardiac output ranged from 2 1/min
to 6 1/min and averaged 3.62 ± 0.14
1/min at 0°C compared with 3.64 ±
0.15 1/min at 24°C.
The difference (0.02 ± 0.04 1/min)
averaged 0.8 ± 1.1% of total cardiac
output and was not significant (P >
0.05). Regression analysis showed a
highly significant correlation between
the two methods (r = 0.959, P =
0.00001). Fig. 5 compares the results

obtained with the two temperatures
used for injectates. In 90% of the
measurements (45 pairs), the difference
in cardiac output was 10% or less.
There were no complications and all
catheters remained functional for up
to 5 days after insertion.
Discussion

The present study indicates that ther
modilution is a reliable and reprodu
cible method for measuring cardiac

FIG. 3—Regression analysis of 100
paired measurements of cardiac output
by flowmeter with periaortic probes and
thermodilution at ice temperature (0° ±
1°C) (r = 0.963, P < 0.001, y = 0.333
+ 0.861X).

output. Thermodilution has been
shown to correlate accurately with the
dye dilution method.2’7’8 However, it
has been reported that the dye dilution
measurement overestimates cardiac out
put.9 Others have also found that car
diac output is overestimated by 4%
to 10% with thermodilution when
compared with aortic flow measure
ment obtained by an electromagnetic
flowmeter.6’10 Aortic flow measured by
flowmeter does not include coronary
flow and this could account in part for
the overestimation attributed to ther
modilution.
In the present experiments, absolute
blood flows were obtained by calibra
tion of the flow probes with pumps
after each experiment and were cor
rected for coronary flow, which aver
aged 5.6% of total cardiac output.
Nevertheless, thermodilution was found
to overestimate total cardiac output
by 3% when perivascular flow probes
were used on the ascending aorta and
by 9% when cannulating probes were
used to determine absolute flows.
An occluding zero flow cannot be
obtained with periaortic probes and
the electrical zero has to be relied upon
during the experiments. This problem
is overcome with the cannulating probe
by using a side derivation in which

FIG. 4—Regression analysis of 75
paired measurements of cardiac output
by flowmeter (periaortic probes) and
thermodilution using injectates at normal
room temperature (22° to 25°C) (r =
0.924, P < 0.001, y = 0.350 + 0.868X).

FIG. 5— Comparison of 50 paired
measurements of cardiac output by ther
modilution with injectates at ice (0° ±
1°C) and at normal room temperature
(24° ± 2°C) in eight patients postoperatively. Lines show identity ± 10% (r =
0.959, P = 0.00001).

Table I— Comparison in Dogs of Successive Determinations of Cardiac Output by Thermodilution
with Two Injections Made within 60 Seconds
Mean difference between
thermodilution and flowmeter,
Flowmeter
1/min (% )

Mean cardiac output, 1/min
Determinations
(n = 32 pairs)
First
Second
Mean difference between first and
second (% )

Thermodilution
2.11
2.09

1.97
1.97

0.14
0.12

(7.1)*
(6.1)*

0.02(1)f

0

0.02

(D t

*P < 0.001.
fP > 0.05.
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mechanical zero is verified by tem
porary occlusion of the flow probe
cannula. However, this technique re
quires extensive exposure and a widely
opened chest, which results in local
loss of heat and may cause a difference
between body temperature and that of
the pulmonary artery at the level of
the thermistor probe. These technical
factors could be responsible for the
greater overestimation found when
cannulating probes were used. How
ever, the correlation obtained between
thermodilution measurements and ab
solute flows was good whatever type
of flow probe was used and the re
gression lines showed no statistically
significant difference at the 1% level
between the two groups of experiments.
Regression analysis demonstrated a
strong correlation between absolute
flow measurements and those obtained
by the thermodilution method when
ice injectates were used. The value of
injectates at normal room temperature
was also assessed because they would
offer several theoretical advantages:
the exact injectate temperature is more
accurately measured, lowering of tem
perature by manipulations of the
syringe and in the venous catheter is
minimized, the technique is simpler,
and the possibility of contamination is
decreased. On the other hand, the
thermodilution curve is more likely to
be influenced by various temperature
or by electrical factors because of the
smaller signal-to-noise ratio. Recording
of the curve is thus mandatory to
detect baseline shifts, oscillations and
flattening of the curve. Thermistor
contact with the wall of the pulmonary
artery, temperature changes with re
spiration especially during artificial
ventilation, wedging of a catheter in a
pulmonary artery and 60 cycle noise
are most often responsible for such
alterations in the curve. Thus, the con
ditions under which the measurements
are made may well account for these
errors. In the experimental study, a
high degree of correlation was found
between absolute flows and thermal
curves obtained at normal room tem
perature, and the regression line was
not significantly different at the 1%
level from those established with ice
injectates. The reliability of measure
ments performed at room temperature

was also demonstrated under com
pletely different conditions by the
results obtained in the postoperative
group of patients. In this clinical
evaluation no significant difference
was found between cardiac output de
termined at 0°C and at normal room
temperature. There was less than 10%
difference in 90% of the measure
ments. Others11 have also reported
satisfactory results with thermodilution
curves at room temperature as com
pared to dye dilution measurements.
Before a method for thermodilution
measurement is adopted it is manda
tory to test its accuracy. The equip
ment used in this study to measure
temperature gradients and to compute
cardiac output from thermal curves
was satisfactory and permits measure
ment of cardiac output within 10% of
error using injectates at either 0°C or
at normal room temperature with a
comparable degree of reliability for
blood flows from 1 1/min to 6 1/min.
In addition, the results were highly re
producible, with variations of 1% be
tween successive measurements. Com
putation time must be selected after a
test curve has been obtained to include
the whole curve until it has returned
to the baseline. Baseline shifts may
occur as well as other errors which
are not automatically corrected by the
cardiac output computer. Therefore
they must be sought in the recorded
tracings since they may affect the area
of the curve and thus cardiac output,
especially if room temperature injec
tates are being used. This is especially
important in low-flow states and in
artificially ventilated patients, condi
tions in which cardiac output measure
ments are most valuable. With proper
attention to these technical points,
thermodilution can be used confidently
to determine cardiac output with an
accuracy of 90%. Cardiac output
overestimation of 3% to 9% with this
method compares favourably with the
dye dilution technique,9 and the former
is easier and has fewer sources of
error than the latter.
Thus, thermodilution can be a use
ful adjunct in the treatment of the
critically ill patient and in monitoring
after cardiac surgery. Our personal
clinical experience with this method
and the equipment evaluated has been

350

VOLUME 22, NO. 4, JU LY 1979 / THE CANADIAN JOURNAL OF SURGERY

satisfactory. The technique is safe,
simple and reliable. Catheters left in
place for up to 5 days remained func
tional and the only complication was
the occasional occurrence of pre
mature ventricular contractions when
the catheter was floated through the
right ventricle.
We thank Mr. Louis Seneca] of the
department of biomedical engineering,
Hopital du Sacre-Coeur, Montreal, for
the statistical analysis of the data.
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Abdominal Crisis due to Metastasizing Lung Carcinoma
to the Small Bowel
G ershon C. E jeckam , m b , bs, frcp [ c],* R . A bele , M D ,t J. T homas , md , fr c p [ c ]$
and R . H eringer , md , frcs [ c]§

A rare case of small-bowel perforation
due to metastasizing primary
bronchogenic carcinoma is reported.
A 64-year-old man presented with
acute abdominal crisis from perforation
of a metastatic focus in the wall of
the small intestine. A 13-cm segment
of small bowel, containing a firm
mass which surrounded a 1.0 X 2.0-cm
perforation, was resected. Because of
widespread metastases, the patient
received only palliative treatment. He
died 27 days after admission.
Perforation of a metastatic focus in
the small bowel is considered a late
complication of carcinoma and indicates
a very poor prognosis. This is only
the eighth reported case of such
a complication of metastasizing lung
carcinoma.

Acute abdominal crisis due to perfora
tion of the small bowel is an uncommon
complication of metastatic tum our.
Small-bowel perforation is even less
common in cases of metastases from
prim ary lung carcinoma despite their
usual widespread dissemination, and
extremely rare is perforation of small
bowel as the presenting symptom of an
apparently silent metastatic lung car
cinoma. De Castro1 in 1957 reported
the first case of small-bowel perfora
tion due to metastatic tumour from
the lung. Since then only six other
case reports have been published. We
report the eighth case of this rare com
plication and the mode of presentation
of metastasizing lung carcinoma.

On rapporte un cas rare de perforation
du petit intestin due a un carcinome
broncho-pulmonaire primaire en metastase. Un homme de 64 ans a presente
un abdomen aigu a la suite de la
perforation d'un foyer metastatique
dans la paroi du petit intestin. Un
segment de 13 cm du petit intestin,
contenant une masse ferme qui
entourait une perforation de 1.0 X 2.0
cm, fut resequee. A cause de I'etendue
des metastases, le patient ne reput
que des soins palliatifs. II mourut 27
jours apres son entree a I'hopital.
La perforation d’un foyer metastatique
dans le petit intestin est consideree
comme une complication tardive du
carcinome et est I'indice d’un sombre
pronostic. C'est seulement le huitieme
cas signale d’une telle complication d'un
carcinome pulmonaire en metastases.

A 64-year-old man was admitted to the
Ottawa General Hospital on Oct. 1, 1977
with severe abdominal pain and board
like abdominal rigidity. There had been
no bowel movement for 2 days. He had
been well until the day of admission
when, following a midday meal, he ex
perienced acute pain of a sharp, crampy
nature, which shortly afterwards became
generalized and more intense. It was ag
gravated by deep breathing but did not
radiate. He was nauseated and vomited
once. He had pain in the cervical seg
ment of the paravertebral musculature
that radiated to the right shoulder, arm,
elbow, forearm and hand.
Past medical history included a chole
cystectomy (1963), right inguinal herni
orrhaphy (1966) and triple vessel aorto
coronary bypass grafting (1974). At the
time of admission he was taking di
pyridamole (Persantine® 50 mg tid) and
procainamide hydrochloride (Pronestyl®
375 mg tid).
On clinical examination he looked ill,
and was pale and dehydrated. There was
no lymphadenopathy. The blood pressure
was 100/70 mm Hg and the pulse rate
was 116 beats/min and regular. His tem
perature was 37.7°C. He was dyspneic
with a respiratory rate of 40/min. There
was diminished air entry in the base of
the right lung. The abdomen was full but
not distended. There was generalized
tenderness and guarding, maximal in the
hypogastrium. The rectum was empty.
The nervous system was essentially
normal.
A provisional diagnosis of perforated
diverticulum was made. The patient was
rehydrated and further investigations were
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carried out. Chest roentgenograms showed
collapse of the lower lobe of the right
lung, and a small pleural effusion and a
suspicious mass in the hilum of the right
lung. Abdominal roentgenograms sug
gested partial obstruction of the distal
small bowel. No free air was noted. The
hemoglobin value was 14.9 g/dl, hemato
crit 44% and leukocyte count 10.4 X
10V1. The concentration of blood urea ni
trogen was 31 mg/dl (11.07 urea, mmol/1)
and of serum creatinine 1.0 m g/dl (88.4
umol/1). The serum amylase value was
elevated at 228 Somogyi units (normal
80 to 180). Urinalysis showed moderate
proteinuria. Electrolyte values were
normal.
In spite of rehydration the patient’s
blood pressure fell to 80/50 mm Hg. An
emergency laparotomy was performed. A
perforation of the jejunum measuring 1.0
X 2.0 cm was found and there was an
abscess in the right lower quadrant and
a retroperitoneal mass in the left lower
quadrant. Mesenteric, para-aortic and
celiac axis groups of nodes were enlarged,
the largest group measuring 5.0 cm. There
was a metastatic nodule in the left lobe
of the liver.
A small-bowel resection and end-to-end
anastomosis were carried out. The resected
specimen consisted of a 13-cm segment of
small bowel. There was a perforation
measuring 1.0 X 2.0 cm on the antimesenteric border, 5 cm from one margin
of resection. The bowel wall was thickened
and measured 1.6 cm. On cross-section
there was a firm greyish mass in the wall
of the intestine surrounding the perfora
tion. Serosal tumour deposit was absent.
Microscopic examination showed that the
jejunal wall was infiltrated by sheets of
tumour cells which were large, undif
ferentiated, epithelial and possessed abun
dant pale eosinophilic cytoplasm. The
nuclei were large, hyperchromatic and
pleomorphic (Fig. 1). Numerous mitotic
figures were present. Staining of the
specimen with Fontana, periodic acidSchiff, alcian blue, and mucicarmine
stains gave negative results.
The preoperative chest roentgenogram
was reviewed and was thought to be
highly suggestive of a lung neoplasm
(Fig. 2). The tumour was better demon
strated by tomography (Fig. 3). Cytologic
examinations of the sputum and right
plemral effusion were positive for malig
nant cells. Bronchoscopy showed a tumour
mass in and partially obstructing the
lower lobe bronchus of the right lung. The
results of bone scanning were negative.
The patient experienced increasing
shortness of breath. Large palpable

masses appeared in the left supraclavicular
and right infraclavicular fossae. He also
had severe pain in the right arm. He re
ceived palliative irradiation (500 rads)
to the right infraclavicular fossa and the
right side of the cervical spine. This
produced marked relief of pain. Due to
widespread metastases no aggressive treat
ment was instituted. The patient deterior
ated rapidly and died 27 days after oper
ation.
The main findings at autopsy were in
the chest and abdominal cavities. A 4-cm
whitish-grey necrotic tumour occluded the
lower lobe bronchus of the right lung,
there were signs of bronchopneumonia
and a large abscess (10 x 7 cm) in the
lower lobe of the right lung. There was
a 2500-ml serosanguineous right pleural

FIG. 1—Section of jejunum showing
metastatic undifferentiated large cell car
cinoma in mucosa and submucosa (hema
toxylin and eosin, reduced by 55% from
X

6 0

).

effusion. The left lung was markedly
edematous and congested; it weighed
840 g. Other important findings were
tumour metastatic to the right pleura, liver,
adrenal glands, serosal surfaces of the
small and large intestines and affected
groups of lymph nodes in the right axilla,
infraclavicular and paratracheal regions,
para-aortic omentum and mesentery.
There was an organizing peritonitis.
Fig. 4, a section from the right lung,
demonstrates the tumour.
Discussion

Small-bowel obstruction due to meta
static tumour occurs infrequently.
However, perforation, hemorrhage or
malabsorption are very rarely as
sociated with tumour deposits in the
small bowel. De Castro, Dockerty and
Mayo2 collected 25 cases of bowel
obstruction due to metastatic tumour
and found 26 other published reports.
Of these 51 cases of bowel obstruction
and perforation from metastatic tu
mours, only 1 resulted from primary
lung carcinoma.1
Morgan, Sigel and Wolcott3 reported
the second case of small-bowel per
foration due to metastatic lung car
cinoma. Since then five more cases
have been reported.4"8 Details of these
cases and our own are shown in
Table I. The ages of these seven pa
tients ranged from 36 to 71 years; five
were over 60 years of age. Five pa
tients were men, two were women,
probably reflecting the higher pre
valence of lung carcinoma in men. Of
the seven patients, two presented with
abdominal crisis before pulmonary
signs and symptoms were detectable.
This mode of presentation creates
diagnostic and management problems
for the surgeon.

FIG. 2— Chest roentgenogram shows partial collapse of lower lobe of right lung
and suspicious small mass (white arrow) in right hilum. Mass is present in periphery
of left lung (arrow).
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In five cases the site of the primary
tumour was in the right lung. In all
cases the tumour was highly malignant
histologically. All patients died within
16 weeks of diagnosis, whether treated
by irradiation or chemotherapy.
From these seven cases it is evident
that perforation of the small bowel
due to metastatic lung carcinoma is a
late event and an ominous sign. The
intramuscular, submucosal and mucosal
location of the tumour cells in the
small intestine probably accounts for
compromise of submucosal and mu
cosal vessels thus leading to tumour
necrosis and bowel perforation.
We thank Dr. C. Don, head, depart
ment of radiology, Ottawa General Hos
pital, for permission to publish the roent
genograms and Dr. D.P. Hill, director,
laboratory medicine, Ottawa General
Hospital, for his help in preparing the
manuscript.

FIG. 3—Tomogram of right hilum,
showing round mass (arrows) in, and par
tially obstructing, right lower lobe bronchus.

FIG. 4—Section of tumour from lung
showing large undifferentiated tumour
cells (hematoxylin and eosin, reduced by
48% from X250).
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T a b le 1-—C h a ra c te ris tic s o f S m a ll-B o w e l P e r fo r a tio n due to M e ta s ta tic C a rc in o m a of_*jn g

D a te

A ge,
yr

A u th o r

Sex

S ym p to m s
a n d fin d in g s
b e fo re p e r fo r a tio n

S m a ll-b o w e l,
gross fin d in g s

P r im a r y
s ite
will in l u n g

T u m o u r ty p e

T re a tm e n t

S m a ll c e ll a n a p la s 
tic

L e f t io p e r l o b e

Ir r a d ia t io n , c y c lo 
p h o s p h a m id e

36

M

S w e llin g o f h a n d s ,
f e e t an d le f t k n e e .
C h e s t r o e n tg e n o 
g ra m s h o w e d m ass
in h e m ith o ra x

M as s 7 X 5 X 3 cm
w ith p e rfo ra tio n
0 .5 cm in d ia m 
e te r

W o o tto n , M o rg a n an d
H ughes4

65

M

P a in a n d s w e llin g of
leg s fo r 2 m o.
C h e s t r o e n tg e n o 
g ra m
show ed
m ass 8 .5 cm in
d ia m e te r

M as s 8 cm in d ia m 
e te r

S q u a m o u s c e ll

L e ftljy v e r l o b e

None

1969

W e llm a n , C h a fiia n
a n d E d e lm a n 5

71

F

B o u t s o t c ra m p y F irm in d u r a tio n 1.5
cm in d ia m e te r
“ a b d o m in a l p a in ” .
C h e s t ro e n tg e n o 
g ra m w a s n o rm a l

G ia n t c e il a n a 
p la s tic

Right u p p e r lo b e

None

1972

M id e ll and
Lochm an6

62

M

C o u g h , e x p e c to r a 
tio n , fe v e r an d
h e m o p ty s is . C h e s t
ro e n tg e n o g ra m
show ed
la rg e
r ig h t p o s t e r i o r
h ila r m ass

N o t s ta te d

G ia n t c e ll a n a 
p la s tic

Right l o w e r lo b e

Ir r a d ia tio n o f p r i 
m a ry s it e a n d
b o n y m e ta s ta s e s

1974

In a ls in g h , H a z ra
a n d P re m p r e e 7

59

M

H e m o p ty s is p r io r to
ir r a d ia tio n 1 y e a r
p re v io u s ly

In v a s io n o f tu m o u r
m ass fro m s e ro 
sal sid e

S q u a m o u s c e ll
a n a p la s tic

Right m a i n
chus

Ir r a d ia tio n

1977

W in c h e s te r, M e r r ill
a n d V ic t o r 8

62

F

E piso des o f c ra m p y
a b d o m in a l p a in

P e r fo r a tio n m ea
s u rin g 1 .5 X 0.5
cm w ith m in im a l
2 -c m in d u ra tio n

S q u a m o u s c e ll
a n a p la s tic

Right l o w e r lo b e

Ir r a d ia t io n , c o r t i
c o s te ro id s

1979

E je c k a m a n d
a s s o c ia te s

64

M

S e v e r e a b d o m in a l
p a in a n d c o n s ti
p a tio n , p e r ito n itis

P e r fo r a tio n m ea
s u rin g 1 .0 X 2.0
cm w ith f ir m rim
o f tu m o u r

L a rg e c e ll u n d if 
fe r e n tia te d

R ight l o w e r lo b e

B ow el
r e s e c tio n
a n d p a llia t iv e i r 
r a d ia tio n

1961

M o rg a n , S ig el
W o lc o tt3

1967

and
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N O TIC ES
American Association
for Hand Surgery

Symposium on Angina

International Congress
on Senology

The 1979 annual scientific meeting of
the American Association for Hand
Surgery will be held Oct. 6 to 8, 1979
at the Hotel Toronto, Toronto, Ont.
For further information please write to
the executive secretary, Dr. George
Lucas, 2704 Marshall Court, Madison,
Wisconsin 53795, USA.

A symposium on unstable angina, pa
thophysiology, diagnosis and manage
ment, will be held in Toronto, Ont. on
Nov. 9 and 10, 1979. Enquiries should
be directed to: Dr. Bernard S. Gold
man, Rm. 128, University Wing, To
ronto General Hospital, Toronto, Ont.
M5G 1L7.

A n international congress on the inter
disciplinary aspects in diseases of the
female breast, will be held in Ham burg,
Germany from May 27 to 31, 1980.
Inquiries should be directed to: P ro
fessor Dr. H.J. Frischbier, Universitats-Frauenklinik, M artinistrasse 52,
2000 Hamburg 20, Germany.
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Recurrent Obstipation as a Complication of Partial
Pancreatectomy for Non-beta Cell Adenoma of the Pancreas
G.M. F ried , md , O.R. A yeni, md, R .A . B rown , md, frcs[c]* and J. L ough, md , FRCP[c]f

Verner and Morrison, in 1958, reported
non-insulin-secreting tumours of the
pancreas that were associated with a
syndrome of refractory diarrhea,
achlorhydria and hypokalemia. Surgical
resection of such tumours results in
rebound acid hypersecretion and cessa
tion of the watery diarrhea. The
authors report the case of an 84-yearold man who had three of the four
major criteria for diagnosis of the Verner
Morrison syndrome. Hypokalemia was
absent, but this was possibly due to
the large doses of potassium chloride
that he was taking in conjunction
with diuretics. After resection of the
tumour severe obstipation with resultant
bowel obstruction developed in addi
tion to rebound hypersecretion and
relief of watery diarrhea. Treatment,
consisting of bulk laxatives in appro
priate amounts, alleviated the
obstipation.
En 1958, Verner et Morrison signalerent
des tumeurs du pancreas non
secretrices d'insuline qui etaient
associees a un syndrome de diarrhee
rebelle, d'achlorhydrie et d’hypokaliemie.
La resection chirurgicale de ces
tumeurs entraine une hypersecretion
acide reactionnelle et I’arret de la
diarrhee liquide. Les auteurs signalent
le cas d'un homme de 84 ans qui
presents trois des quatre principaux
criteres de diagnostic du syndrome de
Verner Morrison. L'hypokaliemie etait
absente, mais ceci pouvait etre explique
par les fortes doses de chlorure de
potassium que le patient prenait en
association avec des diuretiques. Apres
resection de la tumeur, une constipation
severe entrainant un obstruction
intestinale s'installa en plus d’une
hypersecretion reactionnelle et de
I'arret de la diarrhee liquide. Le
traitem ent constitue de laxatifs
mucilagineux en quantite suffisante,
vin t a bout de la constipation.

From the departments of surgery* and
pathology,t Montreal General Hospital,
McGill University, Montreal, PQ
Reprint requests to: Dr. R.A. Brown,
Department of surgery, Montreal General
Hospital, 1650 Cedar A ve., Montreal,
PQ H3G 1A4
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In 1958 Verner and Morrison1 de
scribed a syndrome of refractory diar
rhea, achlorhydria and hypokalemia
associated with non-insulin-secreting
tumours of the pancreas. Almost 100
such cases have now been reported.
Rebound hypersection of gastric hydro
chloric acid2"5 has been reported fol
lowing surgical treatment, and rever
sible watery diarrhea5 has been noted.
We report here a case of recurrent
obstipation in a patient who under
went partial pancreatectomy for a non
beta cell adenoma of the pancreas.
Case Report
An 84-year-old man was admitted to
hospital initially with upper gastrointes
tinal bleeding. He had been taking many
acetylsalicylic acid tablets for pseudogouty arthritis of the right knee. On physical
examination there was mild epigastric
tenderness and a questionable mass in
the left upper abdominal quadrant. En
doscopic examination showed multiple
superficial gastric erosions. An upper
gastrointestinal series showed a deformed
antrum. The patient’s condition stabilized
after 7 units of blood were transfused
and he was discharged from hospital.
He was readmitted 3 weeks later with
congestive heart failure. At the time of
this admission he admitted to a 10-year
history of watery diarrhea. He claimed
to have had no formed stool for 10 years
and to have had from four to seven watery
bowel movements daily. He denied any
rectal bleeding. He had a good appetite
and no nausea, vomiting or weight loss.
He denied having experienced any flush
ing or wheezing. On physical examination
a mass, 12 cm in diameter, was found
in the left upper quadrant of the abdo
men, which was not tender. The mass
was very mobile. There was a loud
overlying bruit. Palpation indicated no
enlargement of the liver and spleen. Con
gestive heart failure and an acute arthri
tis of the right knee were present.
The mass was investigated by roent
genography after a barium enema, upper
gastrointestinal series, ultrasonography,
intravenous pyelography, liver and spleen
scanning and angiography. These inves
tigations confirmed that the mass was
approximately 12 cm in size, and showed
that it was solid, located outside the large
bowel, anterior to the left kidney and
that it did not appear to arise from or
obstruct any portion of the small bowel.
Angiography (Fig. 1) showed that the le

sion was very vascular and that there was
early arteriovenous shunting; the lesion’s
main vascular supply arose from jejunal
branches of the superior mesenteric ar
tery. Gastric acid studies showed the
presence of pentagastrin achlorhydria.
The patient also had megaloblastic ane
mia with markedly decreased concentra
tions of vitamin B12 and folate. Serum
potassium concentration was normal, but
the patient was taking large doses (40
mmol tid) of potassium chloride with his
diuretics.
After the patient’s congestive heart
failure was controlled, he underwent
exploratory laparotomy. The lesion was
found in the lesser sac protruding through
the transverse mesocolon. It was well
encapsulated and entirely covered with
dilated tortuous vessels. The large vas
cular pedicle entered medially. There was

Fig. 1b
FIG. 1— Selective superior mesenteric
arteriogram, (a) Arterial phase demon
strates highly vascular lesion (arrows) in
left upper quadrant of abdomen, (b)
Venous phase shows early arteriovenous
shunting (large arrow) with filling of
portal system (small arrows).
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a good plane of cleavage all around the
mass except in the area of the tail of the
pancreas from which it could not be
easily separated. Because of this, a por
tion of the pancreas had to be resected
with the mass. The gallbladder was noted
to be very large and distended but no
gallstones were palpable. A thorough
exploration showed no other abnormali
ties. The pathological diagnosis was islet
cell tumour of the pancreas, degree of
malignancy uncertain. Electron micro
scopy (Fig. 2) revealed many intracytoplasmic electrondense granules 150 to
200 nm in diameter consistent with non
beta islet cell tumour of the pancreas.6
Postoperatively, the patient’s course
was smooth. His major complaint in the
postoperative period was constipation, for
which he was given stool softeners. He
was readmitted to hospital 5 weeks after
his operation with signs and symptoms
of bowel obstruction. He had had severe
constipation since his operation and had
had to disimpact himself manually and
have daily enemas. The obstructive epi
sode responded to enemas and conserva
tive therapy. At the time of readmission,
gastric acid concentration was in the
low-normal range. Basal acid output was
zero and peak acid output was 11.60
mmol/h.
C om m ents

The Verner - Morrison syndrome
consists of (a) islet cell tum our of the
pancreas, (b) achlorhydria, (c) watery
diarrhea and (d) hypokalemia. Our pa
tient met the first three conditions. We
were able as well to document the pres
ence of characteristic electron micro
scopic findings of many intracytoplasmic electron-dense granules. We believe
that this patient did not demonstrate
hypokalemia because he was taking

FIG. 2— Non-beta pancreatic islet cell
tumour containing pleomorphorphic gran
ules (arrows) 150 to 200 nm in diameter,
characteristic of ulcerogenic and diarrheogenic tumours of pancreas (reduced
by 25% from X l l 500).

large amounts of exogenous potassium
chloride with his diuretics.
This case illustrates well the rever
sal of both achlorhydria and watery
diarrhea after resection of an islet cell
tumour of the pancreas. In fact, in
this case, reversal of the diarrhea re
sulted in the subsequent complication
of recurrent obstipation. To this elder
ly patient, the obstipation was a seri
ous mental and physical problem.
The mechanism by which diarrhea
is produced in the Verner-Morrison
syndrome is still being debated. Secre
tin,7 glucagon,3 prostaglandin,8 cholecystokinin-pancreozymin,9 calcitonin,9
vasoactive intestinal polypeptide9 and
gastric inhibitory polypeptide9 have
all been suggested as possible factors
causing this syndrome. The abolition
of diarrhea in our patient after 10
years was most gratifying. Recurrent
obstipation from fecal impaction be
came a new problem which required
hospitalization on one occasion. The
obstipation was subsequently controlled
on a long-term basis by stool softeners.
Constipation, and indeed obstipa
tion, like rebound hypersecretion of
hydrochloric acid, should be regarded
as a possible problem after pancreatic
resection for the functioning non-beta
cell tumour of the pancreas.
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non-irritating, naturally-occurring, neutral pH; may be cut,
molded, or sutured in place when necessary
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stimulates natural clotting and healing of disrupted tissue
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a p p lic a tio n a n d e m e rg e n cy
h a e m o s ta s is

!

l i £

| ,

S terile S ponge, size 100
80 x1 2 5 x1 0 0 mm
box o f six s po ng es

S te rile S p o ng e, size 50
8 0 x 6 2 .5 x 1 0 m m
bo x o f fo u r sp o n g e s

S te rile C o m p re s s e d S p o n g e
size 100
12.5 x 8 cm
b o x o f s ix s p o n g e s

fo r general a n d n e u ro lo g ic a l
surgery

fo r g e n e ra l an d n e u ro lo g ic a l
su rg e ry

p ro m o te h e a lin g in c h ro n ic
leg u lce r

S terile S ponge, size 1 2 -3 m m
20 x 60 x 3 m m
box o f fo u r s p o n g e s

S te rile S po ng e, size 1 2 -7 mm
20 x 60 x 7 m m
bo x o f fo u r s p o n g e s
ja r o f fo u r sp o n g e s

S te rile P o w d e r
ja r c o n ta in in g 1 g

n o n -h a e m o s ta tic
fo r o c u la r su rg e ry

Precautions
Gelfoam and G elfilm are sim ple to use, and w ith con scie ntious observance of certain precau
tions satisfactory results may generally be expected where th e ir use is indicated.
1. Gelfoam should be used discrim inately in arterial bleeding because o f the intra-arterial pres
sure. It is advisable to suture and reinforce where possible.
2. A lthough Gelfoam generally serves its purpose well in the presence o f haem orrhagic blood
dyscrasias, it should not be relied upon as the sole m ethod o f haem ostasis in such con ditio ns.
3. Gelfoam should not be used to stop m enstrual bleeding. In postpartum and m enorrhagic
bleeding it serves only as a tem porary vaginal tam pon.

O p h th a lm ic S te rile G e lfilm
25 x 50 m m
box o f 6

4. Gelfoam m ust be in snug contact w ith the bleeding surface in order to be effective.
5. Use Gelfoam as sparingly as possible in order to m inim ise the am ount o f im planted foreign
material.
6. Do not overfill cavities w ith Gelfoam.

CE 7734 4

7. Do not use Gelfoam in grossly contam inated w ounds w hich are so deep tha t drainage is
interfered with. However, it may be used for tem porary haem ostasis in more su p e rficia l
contam inated wounds, provided it is removed after it has served its ha em ostatic purpose.
8. Avoid prolonged exposure to Gelfoam to contam inated air.

Upjohn

Detailed information available on request.

Cholecystectomy with and without Drainage
D ia m o n d A. K a s s u m , m b , b c h ir ,* N en ad M. G agic , m d , F R C S [c]f and
G o p in a t h T. M e n o n , m d , fr cs , FRCS[C]t

The authors studied the effect of
intraoperative drainage, presence of
postoperative pyrexia, influence of
appendectomy, chest complications
and wound infection in 200 patients
who had undergone routine uncom
plicated cholecystectomy.
One hundred patients in whom no
drain was inserted were matched with
100 patients whose cholecystectomies,
performed during the same period,
included placement of a drain. There
w ere 10 males and 90 females in each
group; the mean age was 40.5 years
in the undrained group and 40.4 years
in the drained group. There was a
significantly (P < 0.05) higher fre
quency of chest complications, longer
hospital stay and pronounced post
operative pyrexia (P < 0.003) in the
group with drainage. The rate of wound
infection was substantially increased
in both groups by adding appendectomy
to the procedure, particularly if drains
were not used.
It is evident that the routine place
ment of a drain in an uncomplicated
cholecystectomy is unnecessary and
may even be harmful.
Les auteurs ont etudie I’effet d'un
drainage peroperatoire, de la presence
d’une pyrexie postoperatoire, de
I'influence de I'appendicectomie, des
complications pulmonaires et de
I’infection de plaie chez 200 patients
ayant subi une cholecystectomie non
compliquee de routine.
Cent patients chez qui on n’avait
pas insere de drain ont ete apparies
avec 100 patients dont la cholecystec-

From the department of surgery,
Henderson General Hospital, McMaster
University, Hamilton, Ont.
*Chief resident, Hamilton General
Hospital, McMaster University
1Associate clinical professor, McMaster
University; active staff, Hamilton
Civic Hospitals
tAssistant clinical professor, McMaster
University; active staff, Hamilton Civic
Hospitals

tomie pratiquee durant le meme periode
comprenait la pose d’un drain. II y eut
10 homines et 90 femmes dans chaque
groupe; Cage moyen etait de 40.5
annees dans le groupe non draine et
de 40.4 annees dans le groupe draine.
11 y eut un taux significativement plus
eleve (P < 0.05) de complications
pulmonaires, un sejour hospitalier plus
prolonge et une pyrexie postoperatoire
prononcee (P < 0.003) chez le groupe
draine. Le taux d’infections de plaies
fut substantiellement augmente chez
les deux groupes lorsque I'appendicec
tomie etait ajoutee a (’intervention,
particulierement lorsqu'un drain n’etait
pas utilise.
II est evident que la pose
systematique d’un drain dans les
cholecystectomies non compliquees
n'est pas necessaire et peut meme etre
dommageable.

The routine insertion o f a drain after
cholecystectomy has been advocated
for years to prevent bile and blood
accumulating and especially to allow
bile to escape from an insecurely tied
cystic duct, accessory ducts or a dam
aged com m on bile duct. Spivac1 was
the first surgeon to record cholecystec
tomy without drainage (in 1913). Re
cently, several papers have suggested
that drainage may not be necessary
in selected cases,2"5 that omitting the
drain results in no significant increase
in complication rate, that hospital
stays are shorter, postoperative pyrexia
is lower and, in a few series,3"5 that
wound infection rates are lower. To
date, a series from England6 consti
tutes the only prospective randomized
controlled trial. There were 50 cases
in each group and the results indicate
no difference in morbidity between the
drained and undrained cases.
The present study is also a retro
spective review but the cases have been
matched as far as possible. A prospec
tive randomized study has now been
set up based on the results o f this
study.
Patients and M ethod

(N.G. or residents under his direct
supervision) at the Henderson General
Hospital or Hamilton General Hospi
tal between July 1, 1974 and Feb. 28,
1977.
The criteria for an “ uncomplicated”
cholecystectomy were a dry operative
field at the completion o f the proce
dure, with no pus, a securely ligated
cystic duct and artery and the addi
tion o f only a minor procedure, which
in this context included appendectomy.
The com m on bile duct was not as
pirated or explored and operative
cholangiography, if performed, was
carried out by way o f the cystic duct.
The 100 patients in group 1 were
matched by age, sex and procedure
(i.e., uncomplicated cholecystectomy)
with 100 patients whose cholecystecto
mies, performed during the same pe
riod, included placement o f a drain
(group 2). Forty-four o f these patients
were operated on by N .G . and the
other 56 patients were drawn from the
files o f G .M . In each case an intraperitoneal 2.5-cm Penrose drain was
inserted through a separate stab in
cision. Appendectomy was performed
on 38 patients in group 1 and on 33
patients in group 2.
The pathologic condition, morbidi
ty, influence o f appendectomy, pres
ence o f postoperative pyrexia, the pe
riod in which the drain remained in
place and duration o f hospital stay
postoperatively were noted. The com 
parative figures in each group were
subjected to statistical analysis (inde
pendent sample Student’s r-test and the
critical ratio o f difference in propor
tions relative to standard error o f dif
ference [Zc] which is an algebraic
equivalent o f the x2 test).
Results

A ge and Sex
There were 10 males and 90 females
in each group. The mean age was 40.5
years in group 1 and 40.4 years in
group 2. The age range was 15 to 83
years o f age in both groups. N o par
ticular decade was subject to increased
morbidity in either group and there
was no significant difference in mean
age or range in those with and without
postoperative complications.

Reprint requests to: Dr. N.M. Gagic,
688 Concession St., Hamilton, Ont.
L8V 4T1

“ Uncomplicated”
cholecystectomy
was performed without drainage in
100 cases (group 1) by one o f us
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Preoperative Roentgenographic
Studies
Of the 200 patients, cholelithiasis
was identified on an oral cholecystogram in 153 (76.5%), 41 (20.5%) had
a nonfunctioning gallbladder and 6
(3.0%) had a normal gallbladder but
pain typical of cholecystitis.
Pathology (Table I)
In 197 (98.5%) of the 200 patients,
a pathologic condition of the gallblad
der was identifiable. Of the three pa
tients with a normal gallbladder, one
gallbladder appeared to be nonfuctioning on roentgenography which was
performed preoperatively. The other
two patients had pain in the right up
per quadrant.
Of the 71 appendices removed, 63
were histologically normal, 4 showed
mild inflammation, 3 were fibrotic,
and 1 contained pinworms.
Complications (Table II)
There was no significant difference
in morbidity between the two groups.
However, the incidence of respiratory
complications was significantly (P <
0.05) higher in group 2 patients. One
case of bile peritonitis occurred in
group 1. This required operative inter
vention with drainage of the bile be
fore the peritonitis resolved. There
were no deaths in either group.
To check on the validity, in group
2, of using cases from the files of two
surgeons (N.G. and G.M.) the morbid
ity was established for each group of
cases. No significant difference was
found.
There were 12 chest infections in
group 2 compared with 5 in group 1.
Infection was identified by a positive
sputum culture or a combination of
clinical findings, pyrexia and roentgenographic evidence of infection.
Atelectasis and one pleural effusion
made up the remainder of the res
piratory complications. The lower lobe
of the right lung was involved in
seven cases of group 2, but in only
two cases of group 1.
The identification of wound infec
tion was strict in that it included deep
and superficial infection, stitch abs
cess and infection at the drain site.
In group 1 six deep infections oc
curred. In three patients culture of
material from the infection site grew
Bacteroides sp.; all patients had under
gone appendectomy. In group 2 there
were only two deep infections, but
four patients had infection at the drain
site, three infections being due to
Staphylococcus aureus.
Twelve patients had a urinary tract
infection. Ten of these patients had

been catheterized in the immediate
postoperative period.
Influence of Appendectomy
There was no statistically significant
difference in complications within each
group of those who did and those who
did not have appendectomy. Of the
total series, 71 patients had the ap
pendix removed and 129 did not.

Table 1—Gallbladder Pathology

Type
Cholelithiasis
Chronic cholecystitis
Cholesterolosis
Adenomyomatosis
Normal

No. of
cases

Percentage

187
140
22
1
3

93.5
70.0
11.0
0.5
1.5

Overall morbidity in the two groups
was not significantly different (21.1%
versus 24.8%). However, the rate of
wound infection in patients who un
derwent appendectomy without drain
age was significantly higher (12.7%
versus 4.7%, P = 0.048) than in
those who did not.
Postoperative Pyrexia
In patients without postoperative
complications on the first day after
operation, there was a significantly
(P < 0.003) greater number with
an elevated temperature in group
2 than in group 1 (mean ± standard
deviation, 37.66 ± 0.25 °C versus
37.83 ± 0.38°C); 13 group 1 patients
and 26 group 2 patients had tempera
tures of 38°C or higher.
Time to Removal of Drain
(Table III)

Table II— Complications of Cholecystectomy
with and without Drainage
Group
Complication

1

2

(n = 22)

(n = 26)

7
8

17*
7

8
1

4
0

Respiratory
Wound infections
Urinary tract
infections
Bile peritonitis
‘ Significant, P < 0.05.

The length of time that the drain
remained in situ before removal was
significantly (P < 0.003) longer in
those patients who had complications
postoperatively.
Duration of Postoperative Stay in
Hospital (Table IV)
The mean length of hospital stay
postoperatively and the range in each
group are shown in Table IV. Group
2 patients stayed a significantly longer
time in hospital even when there were

Table III—Length of Time Drain Remained in Place before Removal
Time, d
Range

Mean

Standard deviation

Total

5.91

4 - 12

No complications (74 patients)

5.62

2 -

9

± 1.12

Complications (26 patients)

6.73

4 - 12

± 1-71

P < 0.003

Table IV--Postoperative Stay in Hospital
Time, d
Group

Mean

Range

Uncomplicated
Group 1 (n = 78)

6.87

4-16

± 1.55

Group 2 (n = 74)

7.36

4 - 12

± 1.35

Complicated
Group 1 (n = 22)

7.46

5 - 13

Group 2 (n = 26)

8.65

6-14

Group 1

7.00

4-16

db 1.63

Group 2

7.70

4-14

± 1.64

Standard deviation

P = 0.038

Total
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no recorded complications postoperatively. In group 1, two patients were
readmitted, one for drainage of a
wound abscess and the other for lapa
rotomy and drainage (bile peritonitis).
One patient in group 2 was readmitted
for drainage of a wound abscess.

tions predominated in the drained
group. We ascribe this to pain and
splinting around the drain site resulting
in decreased voluntary and involuntary
ventilation especially on the right side.
The same (subcostal) incision was used
in both groups. There is some evidence
to indicate that this incision predis
Discussion
poses to chest problems more than
others.12 In any case, atelectasis oc
The argument for leaving a drain in curred more frequently in group 2 and
situ following cholecystectomy hinges may account for the significant dif
on the fact that biliary peritonitis and
ference (P < 0.003) in the number of
collections of bile are potentially lethal
patients in each group with pyrexia
complications. Anecdotal data exist on the first day after operation.
based on infrequent observations by
Myers13 described a specific syn
general surgeons of sudden drainage
drome calling it “drain fever” and
of large amounts of bile through the recommended leaving the drain in
drain 2 to 3 days after operation.7 place for no longer than 48 hours;
MacVicar and associates8 noted that,
Maingot14 suggested 2 to 3 days and
of 77 deaths in 2043 patients, the George15 recommended 4 to 5 days.
majority were associated with bile In this series, drains were left in place
leakage. Logically the prevention and
on average nearly 6 days, and longer
treatment of the complication should
in patients with complications. Extrareduce the mortality. However, wheth peritoneal problems can only be exa
er a drain is in fact adequate and ef cerbated by prolonging the length of
fective prophylaxis is controversial.
time the drain remains in situ. The
McKenzie9 in 1955 described 20 pa effect of appendectomy on morbidity
tients with extravasation of bile, all of is of interest. Several authors,16'18 in
whom had had a drain inserted at the cluding ourselves, have found in
primary operation. McKenzie noted creased rates of wound infection.
that “the drainage tube had failed to Others3*5 showed that appendectomy
permit the escape of bile in several
has no appreciable effect. MacLean
cases”.
and associates19 have shown that any
In this series the one case of bile additional procedure substantially in
peritonitis occurred in a 26-year-old creases the rate of wound infection.
woman. Hydrops of the gallbladder The short-term administration of ce
had been found and white bile aspirat phalosporin
perioperatively reduces
ed prior to cholecystectomy. Hydrops this morbidity.19 However, the decision
was identified in eight other patients,
to remove the appendix is often made
six of whom had had a drain in at operation, so that antibiotics are
serted. One of these had an infection
not often given preoperatively.
at the drain site. No association
could be made between hydrops of
Summary
the gallbladder and subsequent com
plications. The incidence of bile peri
Our experience with 200 uncom
tonitis in this series of undrained
plicated cholecystectomies with and
cholecystectomies is 1%. If we com without drainage has been reviewed.
bine the reported series2'5*10'11 with There was a significantly higher fre
our own, the number of patients quency of chest complications, longer
who required reoperation for bile col hospital stay postoperatively and more
lection is 4, out of a total of 1546 postoperative pyrexia in the group
patients — only 0.26% . It is, how with drainage. The rate of wound
ever, difficult to discover how many infection was significantly increased by
patients had collections that resolved the addition of appendectomy with or
with nonoperative treatment.
without drainage. It is evident that
The presence of a drain has been routine drainage of uncomplicated
said to contribute to the complica cholecystectomy is unnecessary and
tions.2*3*5 In this series, chest complica may in fact be harmful.
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Severe Coagulopathy following Insertion of the
LeVeen Shunt: a Potentially Fatal Complication
R .T . L e w is , m d , fr c s [c ]

Four patients who underwent insertion
of the LeVeen shunt for treatment
of medically intractable hepatic ascites
had coagulation changes. Peritoneovenous shunting was associated
with a mild coagulopathy in two
patients, simulating disseminated
intravascular coagulation or primary
fibrinolysis. The coagulopathy was
severe in two patients and lifethreatening in one of these. Post
operative coagulopathy may be detected
by careful monitoring of coagulation
indices and the risk of its development
parallels the severity of liver disease.
Des changements de la coagulation
sont apparus chez quatre patients qui
ont subi I'insertion d'un shunt de
LeVeen pour le traitement d'une ascite
hepatique resistant au traitement
medical. L'anastomose veino-peritoneale
a ete associee a une legere coagulopathie chez deux patients, simulant
une coagulation intravasculaire
disseminee ou une fibrinolyse primaire.
La coagulopathie a ete severe chez
deux patients, mettant en danger la
vie d'un d'entre-eux. La coagulopathie
postoperatoire peut etre decelee par
une surveillance attentive des indices
de coagulation et elle est plus
susceptible de survenir chez les
patients dont la fonction hepatique
est plus atteinte.

Although the presence of mild hepatic
ascites in cirrhosis is not a major prob
lem, intractable ascites with intolerance
of salt and water is a serious complica
tion, usually causing death within 6
months.1’2 The peritoneovenous shunt
with pressure-directed valve, recently
developed by LeVeen,3,4 appears to be
a relatively simple mechanical solu
tion to this problem. The brief opera
tion for insertion of the shunt is
readily performed under local anes
From the department of surgery, The
Queen Elizabeth Hospital of Montreal
Centre and McGill University,
Montreal, PQ
Reprint requests to: Dr. R.T. Lewis,
The Queen Elizabeth Hospital
of Montreal Centre, 2100 Marlowe
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thesia and most complications can be
anticipated and avoided by careful pa
tient selection. LeVeen has referred en
passant to a coagulopathy which may
follow insertion of the shunt but has
published no data on it. We report
coagulation changes in four patients
who underwent the LeVeen shunt pro
cedure to emphasize the potential
lethality of this complication and to
determine whether death is a predicta
ble event.

and bleeding from the neck wound that
required surgical control 1 week postoperatively. He was treated with fresh
frozen plasma, fibrinogen and platelets,
and eventually his condition stabilized.
He was discharged from hospital 3 weeks
after operation, still with a biologic co
agulopathy but no further bleeding.
Case 2.—A

43-year-old

man

was

Case Reports

Case 1.—A 64-year-old man with ad
vanced cirrhosis caused by alcoholism who
had had multiple previous admissions for
ascites and mild encephalopathy was ad
mitted to hospital in May 1977 with
mild mental confusion and progressive
swelling of his legs and abdomen despite
therapy with oral diuretics. He had mas
sive ascites and slight asterixis. His hemo
globin value was 11.4 g/dl, the leukocyte
count was 6.2 X 109/1, blood urea nitro
gen value was 18 mg/dl (6.43 urea,
mmol/1); the serum concentration of
creatinine was 1.1 mg/dl (97.24 u.mol/1),
of sodium 132 mmol/1, potassium 4.1
mmol/1 and of chloride 98 mmol/1.
Coagulation indices and results of liver
function testing are shown in Table F and
Fig. 1. His mental confusion and asterixis
cleared following admission and he was
left with ascites, intractable to medical
treatment, progressive severe oliguria and
salt retention, with an increased serum
creatinine value of 2.5 mg/dl (221.0
jj.mol/1). One month after admission a
LeVeen shunt (Becton-Dickinson, Ruther
ford, NJ), inserted under local anesthesia,
provided prompt relief of his ascites and
immediate diuresis and natriuresis. How
ever, a severe coagulopathy developed
with subcutaneous bleeding of the trunk,

FIG. 1—Results of serial coagulation
tests up to 3 weeks after operation.

T a b l e 1— E v a lu a t io n o f P a t ie n t s b y L o r d ’ s M e t h o d o f S c o r in g o f t h e C h il d C l a s s i f i c a t i o n

Case

B ilir u b in , m g/dl
A lb u m in , g/dl
A s c it e s
N u t rit io n a l s ta tu s
E n c e p h a lo p a t h y
C h ild -L o r d s c o re
C h il d C la s s

1

2

3

4

2.55
2.85
I n t r a c t a b le
W a s t in g
M in im a l
13
C

7
2.3 3
In tra c ta b le
W a s t in g
None
13
C

2.16
2.39
I n t r a c t a b le
W a s t in g
None
12
B

0.5 9
2 .7
In tra c ta b le
W a s t in g
N one
11
B
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admitted to hospital in July 1977, com
plaining of progressive jaundice and in
creasing abdominal girth for 2 weeks. A
history of long-standing alcohol abuse
was obtained. His hemoglobin value was
12.5 g/dl and the leukocyte count 25.7 x
10*/1- Acute alcoholic hepatitis was diag
nosed after extensive investigation. He
gradually improved with medical treat
ment. Six weeks after admission he
showed only mild to moderate jaundice
with tense ascites, and a mild hepatorenal
syndrome (serum creatinine value 3.1
mg/dl [274.04 u.mol/1], urine volume 600
ml/d, urine sodium concentration 3
mmol/1). A LeVeen shunt, inserted under
local anesthesia, promptly reversed his
hepatorenal syndrome and resolved the
ascites. But postoperatively a severe
coagulopathy developed and despite sup
portive hemostatic therapy he suffered
a left intracerebral hemorrhage manifest
ed by hemiplegia and aphasia, confirmed
by isotope brain scanning and computer
ized axial tomography. With intensive
supportive medical and nursing care, he
made an almost complete recovery over
the next 6 weeks and was sent home.
Coagulation changes and results of liver
function tests are shown in Table I and
Fig. 1.
Case 3.—A 70-year-old woman with
a history of alcoholism was admitted to
hospital in December 1977 with a 2-day
history of abdominal and ankle swelling,
jaundice and shortness of breath. She
showed signs of long-standing mild senile
dementia, but there was no asterixis.
Following initial improvement in her gen
eral status, her ascites was treated with
spironolactone and furosemide, without
success. Eventually, hepatorenal syndrome
developed (urine volume 300 ml/d, urine
sodium concentration 3 mmol/1, serum
creatinine concentration 4.8 mg/dl [424.32
;j.mol/l]). A LeVeen shunt was inserted
in mid-February 1978. Postoperatively
she diuresed transiently but a mild
coagulopathy developed and then she had
severe pulmonary edema and respiratory
failure from which she died on the fourth
day after operation. Coagulation changes
and liver function test results are shown
in Table I and Fig. 1.
Case 4.—A 48-year-old man with
cirrhosis due to alcoholism was admitted
to hospital in September 1977 with re
current bleeding esophageal varices. Dis
tal splenorenal shunting was performed,
but 1 month later the shunt became
blocked and a Sugiura-type gastroeso
phageal devascularization procedure and
esophageal transection were required to
control the bleeding varices. He was
discharged from hospital, but was read
mitted in December 1977 and in January
1978 for control of massive ascites. When
he was again admitted in February 1978,
his ascites proved intractable to medical
treatment and a LeVeen shunt was inserted
in March 1978. His postoperative course
was smooth. Coagulation changes and
liver function test results are shown in
Table I and Fig. 1. He had a prompt
diuresis and natriuresis and his renal
362

function improved. He was discharged
from hospital 2 weeks after operation
and continued to improve until 1 year
later when his ascites returned. Contrast
studies confirmed that the shunt had
become blocked at the point where it
entered the internal jugular vein. The
LeVeen shunt was revised and the pa
tient made a smooth recovery.
Discussion
Selection o f Patients
Several authors3,4'6,7 have emphasized
that a significant preoperative coagulo
pathy contraindicates peritoneovenous
shunt, but they have given no other
guidelines for selection of patients with
respect to the risk of postoperative
coagulopathy. The preoperative coagu
lation status was similar in all four pa
tients presented, yet the postoperative
coagulopathy was negligible in case 4,
mild in case 3, severe in case 1 and
almost fatal in case 2. Our findings
suggest that the risk of coagulopathy
parallels the severity of liver disease,
determined preoperatively by the Lord
method of scoring of the Child clas
sification.5 Further, we note that the
postoperative coagulopathy increases
in severity as the preoperative concen
tration of serum bilirubin increases.
This is in keeping with the contention
that serum bilirubin concentration is
a reliable preoperative guide to the
ability of the liver to tolerate surgery.8
The preoperative Child-Lord score,
therefore, suggests which patients are
at risk of postoperative coagulopathy,
and careful monitoring of coagulation
indices before and after operation al
lows early detection and treatment.
Diagnosis and Pathophysiology
Table II shows the four conditions
from which the coagulopathy occur
ring after insertion of the LeVeen
shunt must be differentiated, and their

hemostatic status. In practice the dif
ferential diagnosis lies between disse
minated
intravascular
coagulation
(DIC) and primary fibrinolysis; but
in the patient with cirrhosis, decreased
fibrinogen concentrations and the oc
casional fall in platelet count due to
hypersplenism make it difficult to dif
ferentiate between these two condi
tions. Moreover, fibrinogen is an acute
phase reactant and increased produc
tion after operation may result in near
normal fibrinogen concentrations des
pite active fibrinolysis. Minna, Robboy and Colman9 have established the
following criteria for diagnosis of DIC:
prothrombin time over 15 seconds,
plasma fibrinogen concentration less
than 1.6 g/1 and platelet count of less
than 150 x 10V1. When only two of
the three tests are abnormal, a pro
longed prothrombin time or increase
in fibrin degradation products (FDP)
will confirm the laboratory diagnosis
of DIC. These conclusions are valid
only in the absence of hepatic disease
or blood transfusion. If the platelet
count has been determined before op
eration, and the patient has not re
ceived multiple blood transfusions, a
progressive fall in platelet count after
operation suggests D IC rather than
primary fibrinolysis, except in the rare
situation in which FD P resulting from
fibrinolysis produce platelet clumping
and thrombocytopenia.10
The pathophysiology of the coagulo
pathy that follows insertion of the Le
Veen shunt is poorly understood, but
coagulation changes have been studied
after isolated acts of ascites reinfusion.
Wilkinson and associates6 and Villeneuve
and associates11 noted a decrease in
platelet count and plasma fibrinogen
concentration, and increase in serum
FDP and prolongation of the pro
thrombin time, suggesting a mild con
sumption coagulopathy due to DIC.
Buffet and colleagues12 observed six
hemorrhagic accidents related to coa-

T a b le I I — D if fe re n t ia l D ia g n o s is o f C o a g u lo p a th y f o llo w in g L e V e e n S h u n t

C o n d it io n

P la t e le t
count

P r o t h r o m b in
tim e

F ib r in o g e n
c o n c e n tra tio n

F ib r in
d e g ra d a tio n
p ro d u c ts

N o rm a l

N one

M a s s iv e tra n s fu s io n

D e c re a s e d

P r i m a r y f ib r in o ly s is

N o rm a l

N o rm a l o r
in c re a s e d
In c re a s e d

D is s e m in a te d in t r a v a s c u la r
c o a g u la tio n

D e c re a s e d

In c re a s e d

N o rm a l o r
d e c re a s e d
D e c re a s e d

In c re a s e d

N o rm a l

N o rm a l o r
in c re a s e d
N o rm a l o r
in c re a s e d
In c re a s e d

N o rm a l o r
d e c re a s e d
N o rm a l o r
d e c re a s e d
D e c re a s e d

N one or
in c re a s e d
None or
in c re a s e d
In c re a s e d

L i v e r d ise a se
W ith o u t h y p e r s p le n is m
W ith h y p e rs p le n is m

D e c re a s e d

C o a g u lo p a th y f o llo w in g
L e V e e n shunt

D e c re a s e d

In c re a s e d
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gulation disturbances and a biologic
coagulopathy in five other patients.
The exact pathophysiology could rare
ly be elucidated, but primary fibrino
lysis was probable in three cases, DIC
in three and in five no precise diag
nosis was made. Administration of ep
silon aminocaproic acid (EACA) pro
duced a favourable response in most
patients with primary fibrinolysis.
They also found that plasminogen ac
tivators were present in high concen
tration in the ascitic fluid, and the
highest fibrinolytic activity was pres
ent in the patient who had the most
severe coagulopathy. Our own results
support a diagnosis of DIC rather than
primary fibrinolysis, except in case 4,
in which the mild increase in F D P may
have been due to the activation of
exogenous plasminogen in transfused
fresh frozen plasma.13 Indeed, one pa
tient showed no significant change in
coagulation indices despite full doses
of EACA on repeated occasions 2
weeks after operation (Table III).
Treatment
Coagulation studies (Fig. 1) show
that the condition of patients with post
operative coagulopathy stabilizes with
time to a state of biologic but not
clinical coagulopathy. This is probably
related to a reduction in the volume
of ascitic fluid being reinfused, so
that the condition is self-limiting. Pa
tients may, however, require replace
ment of deficient blood factors when
the condition is worsening. LeVeen
and Wapnick14 have recommended
temporary occlusion of the shunt and
a combination of low-dose heparin and
EACA, but we have been reluctant
to risk contamination of the shunt
and have simply used a steep head-up
position to minimize the flow of ascitic
fluid across the shunt. Similarly, based
on the experience of Buffet and asso
ciates12 of fatal gastrointestinal hemor
rhage following the use of heparin,
we have hesitated to employ heparin,
even in low dosage. While we are
aware that the transfusion of support
ing hemostatic agents may catalyse the
intravascular coagulation, this appears
to be a smaller risk than that of bleed
ing during heparin therapy in patients
with a severe coagulopathy.

Conclusions
In carefully chosen patients, the
LeVeen shunt reverses the disabling
effects of intractable hepatic ascites.
The patient diureses and the glomeru
lar function and salt clearance are
improved,15 abdominal girth returns to
normal, appetite improves and, with
increased food intake, muscle mass is
gradually restored. However, patients
must be selected with care. W hen in
trinsic renal failure has already devel
oped, no improvement of renal func
tion may be expected, liver failure is
not reversed and congestive heart
failure worsens. The cases reported
here illustrate the benefits and hazards
of peritoneovenous shunt. They also
show that the coagulopathy occurring
after insertion of the shunt may be
severe and is potentially lethal.
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To lower
blood pressure
during
anesthesia
for selected
surgical
procedures

Precautions

for controlled hypotension during anesthesia
Rx Summary
‘Nipride’ is only to be used as an infusion with sterile 5% dextrose
in water without preservatives. Not for direct injection.
Indications
'Nipride' is indicated for producing controlled hypotension during
anesthesia to reduce bleeding in surgical procedures where deemed
appropriate. Benefit-risk ratio should be carefully considered on an
individual basis.
Contraindications
In the treatment of compensatory hypertension, e.g. arteriovenous
shunt or coarctation of the aorta. It is also contraindicated in physically
poor-risk patients (A.S.A. Risk 5), in patients with uncorrected anemia
or hypovolemia or in those with known inadequate cerebral circulation.
In patients with liver disease, severe renal disease, Leber's optic
atrophy and disease states associated with vitamin B 12 deficiency.
Warnings
‘Nipride’ is only to be used as an infusion with sterile 5% dextrose
in water without preservatives. Not for direct injection. Infusion rates
greater than 8 /ig/kg/minute are virtually never required. If at this
rate an adequate reduction in blood pressure is not obtained within
10 minutes, administration of ‘Nipride’ should be stopped.
Fatalities due to cyanide poisoning have occurred following sodium
nitroprusside administration. One factor is common to all known
cases, namely that large amounts of nitroprusside were infused at
high rates. Since detoxification relies upon enzymatic action, the
rare possibility of deficient or atypical enzymes occurring in humans
should always be considered. Patients most apt to run into difficul
ties are those who are resistant to the hypotensive effect or those
in whom maintenance at the selected blood pressure level is difficult
or impossible.
Constant attention to the patient’s dose-response characteristics
is mandatory. If infusion rates are in excess of 8 ug/kg/minute deter
mine the nature of the response (effective constant response at
higher dose; tachyphylactic; resistant - none or less than expected).
As soon as either tachyphylaxis or resistance is determined the infu
sion of ‘Nipride’ should be discontinued immediately. In abnormal
responders it has been noted that metabolic acidosis may occur
at higher doses.
Caution should be exercised in using 'Nipride' in patients with hypo
thyroidism or severe renal impairment.
Blood levels of thiocyanate should be determined if treatment is to
be extended especially in patients with severe renal dysfunction.
As long as blood thiocyanate levels do not exceed 10 mg /100 ml, it is
probably safe to continue with the infusion. Peritoneal dialysis can
be helpful if too high levels of thiocyanate are found.
Hypertensive patients are more sensitive to the intravenous effect
of sodium nitroprusside than are normotensive subjects. Patients
receiving concomitant antihypertensive medications (especially
hydralazine or hexamethonium) are more sensitive to the hypotensive
effect of sodium nitroprusside and the dosage of 'Nipride' should
be adjusted downward accordingly.
The following Warnings apply to the use of 'Nipride' for controlled
hypotension during anesthesia:
1. Extreme caution should be exercised in patients who are especially
poor surgical risks (A.S.A. class 4 and 4E).
2. Tolerance to blood loss, anemia and hypovolemia may be dimin
ished. If possible, preexisting anemia and hypovolemia should be
corrected prior to employing controlled hypotension.
3. Hypotensive anesthetic techniques may alter pulmonary ventilation
perfusion ratio. Patients intolerant of additional dead air space
at ordinary oxygen partial pressure may benefit from higher oxygen
partial pressure.
4. Resistance and tachyphylaxis occur more frequently in normoten
sive patients infused with sodium nitroprusside. Induction of delib
erate hypotension in healthy young individuals may prove to be
more difficult than in other segments of the population.
5. Upon discontinuance of the sodium nitroprusside infusion for the
purpose of controlled hypotension during anesthesia a rebound
hypertension has been observed on rare occasions.

Adequate facilities, equipment and personnel should be available
for frequent and vigilant monitoring of blood pressure. When the infu
sion is slowed or stopped, blood pressure usually begins to rise imme
diately and returns to pretreatment levels within one to ten minutes.
It should be used with caution and initially in low doses in elderly
patients, since they may be more sensitive to the hypotensive effects
of the drug.
If, in the clinical situation, stress induced by pain or manipulation
is reduced or eliminated during 'Nipride' infusion, the patient could
experience a greater than expected reduction in blood pressure
unless the rate of infusion is adjusted downward as required.
'Nipride' tends to deteriorate in the presence of light. Therefore, the
infusion bottle should be wrapped with aluminum foil or other opaque
material. Solutions of 'Nipride' should not be kept or used longer
than four hours. 'Nipride' in aqueous solution yields the nitroprusside
ion, which reacts with even minute quantities of a wide variety of
organic and inorganic substances to form usually highly coloured
reaction products (blue, green or dark red). If this occurs, the infusion
should be replaced as quickly as possible.
Adverse reactions
Nausea, retching, emesis, diaphoresis, apprehension, headache,
restlessness, agitation, muscle twitching, retrosternal discomfort and
chest pain, palpitations, dizziness, faintness, weakness, rash, abdo
minal pain, confusion and somnolence have been noted with too
rapid reduction in blood pressure. These symptoms rapidly disap
peared with slowing of the rate of infusion or temporary discontinua
tion of infusion and did not reappear with continued slower rate
of administration.
Irritation of the injection site may occur. Methemoglobinemia and
one case of hypothyroidism following prolonged therapy have been
reported.
Dosage and administration (for controlled hypotension)
Use of ‘Nipride’ in anesthetized normotensive patients undergoing
deliberate hypotensive surgery must be restricted to carefully
selected cases. There is a possibility of an abnormal response
occurring in normotensive patients. In this event, the infusion of
‘Nipride’ should be discontinued immediately. (See Warnings).
The contents of a 50 mg 'Nipride' vial should be dissolved in 3 ml
of sterile dextrose in water without preservatives. No other diluent
should be used. Depending on the desired concentration, all of the
prepared stock solution should be diluted in 500 or 1000 ml of 5 per
cent sterile dextrose in water and promptly wrapped in aluminum
foil or other opaque material. Both stock solution and infusion solu
tion should be freshly prepared and any unused portion discarded.
The freshly prepared solution for infusion has a very faint brownish
tint. If it is highly coloured, it should be discarded. (See Precautions).
The solution should not be kept or used longer than four hours from
initial reconstitution. The infusion fluid used for the administration
of ‘Nipride’ should not be employed as a vehicle for simultaneous
administration of any other drug.
‘Nipride’ dosage varies considerably from patient to patient, hence
the need for individual titration. The infusion should be started at
the lower dosage range, 0.5 /xg/kg/minute and increased by
0.2 /xg/kg/minute every 5 minutes until the desired reduction in
blood pressure is obtained. The blood pressure usually starts to drop
immediately or at least within a few minutes. Continuous monitoring
of the blood pressure is necessary. Blood pressure should not be
allowed to drop at too rapid a rate and systolic pressure should not
be lowered below 60 mm Hg.
Infusion rates greater than 8 /xg/kg/minute should rarely be used.
The maximum recommended dose is 800 /xg/minute.
'Nipride' should be administered by an infusion pump, micro-drip
regulator or any similar device that will allow precise measurement
of the flow rate. Avoid extravasation. The rate should be adjusted
to maintain the desired hypotensive effect, as determined by frequent
blood pressure determinations.
For the use of 'Nipride' in the treatment of hypertensive crises please
refer to the Product Monograph.
Supply
'Nipride' is supplied in 5 ml amber-coloured vials containing the
equivalent of 50 mg sodium nitroprusside for dilution with 5 percent
sterile dextrose in water (available in packages of 10).
Product Monograph available on request.
* Reg. Trade Mark for sodium nitroprusside Roche'
® Reg. Trade Mark

Can. 8042

(sodium nitroprusside)

Usage in pregnancy
The safety of 'Nipride' in women who are or who may become preg
nant has not been established; hence, it should be given only when
the potential benefits have been weighed against possible hazard
to mother and fetus.
Usage In children
The safety of 'Nipride' in children has not been established. Clinical
experience is limited.

Hoffmann-La Roche Limited
Vaudreuil, Quebec
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Thrombosis and Free Fatty Acids in Patients
Subjected to Total Hip Arthroplasty
P . A rm str o n g , m d , A .A . Sc o t t , m d , f r c p [c ], A. A n g e l , m d , f r c p [c ]
M .F.X. G l y n n , m d , d p h i l ( o x o n ), m rc p a t h ( l o n d ), f a c p , f r c p [c ]

and

The plasma concentrations of free
fatty acids w ere estimated at intervals
before, during and after total hip
arthroplasty in seven patients. Each
patient underwent examination for
deep vein thrombosis with iodine-125
leg scanning, impedance plethys
mography and contrast venography.
Substantially higher concentrations of
free fatty acids were found in the
plasma of patients shown to have
thrombosis than in those without
thrombosis.

_,

IS.

Chez sept patients, les concentrations
plasmatiques d'acides gras libres ont
ete mesurees periodiquement avant,
durant et apres une arthroplastie
complete de la hanche. Chaque patient
a ete examine pour une thrombose
veineuse profonde par echographie de
la jambe a l'iode-125, plethysmographie
a impedance et phlebographie de
contraste. Des concentrations substantiellem ent plus elevees d'acides gras
libres ont ete mesurees dans le plasma
des patients chez qui on a decouvert
une thrombose par rapport a ceux qui
n’ont pas eu de thrombose.

dergone total hip arthroplasty may be
important.
Patients and Method

Between Mar. 20, 1977 and May 20,
1977, seven patients were randomly
selected from those who underwent
total hip arthroplasty at the Toronto
General Hospital. There were three
men and four women with an age
range of 55 to 77 years (mean 66.1
years). There was no history of pre
vious deep vein thrombosis or pul
monary embolism. Informed consent
was requested from all patients before
they were included in the study. All
seven patients completed the study.

Free Fatty Acid Concentrations
Blood samples were taken immedi
ately before operation, after induction
of anesthesia, during reaming of the
femoral canal, during insertion of the
cement and femoral prosthesis, during
skin closure and 4 hours after opera
tion.
Free fatty acid concentrations were
measured using the method of Trout,
Estes and Friedberg.44 Intrasample var
Total hip arthroplasty is associated
iation was low; the mean and standard
with a 50% frequency of thrombosis;1
deviation of 10 replicates was 450
the overall rate of thrombosis in gen
p.eq/1 and 25.2 g.eq/1. The values
eral surgical procedures is 10%.' Many
for 16 normal subjects ranged from
explanations for this disproportionate 200 to 950 u.eq/1 with a mean of 562
ly high rate have been offered but no
fxeq/1 and a standard deviation of
cause has been clearly identified.
31.5 [xeq/1.
It is known that the concentration
Sampling was done by venipuncture,
of long-chain free fatty acids in the
usually in the antecubital fossa, with
blood can increase in response to trau
a tourniquet, and the blood was col
ma and surgery.2"4 Furthermore, free
lected in 10-ml tubes which contained
fatty acids have been associated in 10 units of heparin as the anticoagu
vitro and in vivo with accelerated blood lant. The samples were placed on ice
coagulation and enhanced adhesiveness for transport to the laboratory where
of blood platelets.5"43 Since these two they were centrifuged immediately at
factors can produce thrombosis, any 5000 g for 15 minutes. The plasma was
relationship between the pattern of free then partitioned with Dole’s extraction
fatty acids in serum and leg vein solution.15 The extracted plasma was
thrombosis in patients who have un- titrated to neutrality with sodium hy
droxide (0.02 N). In each case, two
samples of the extracted plasma were
From the department of medicine,
titrated and the mean microequivalent
Toronto GeneraI Hospital, University
was recorded.
of Toronto, Toronto, Ont.
Reprint requests to: Dr. M.F.X. Glynn,
Department of hematology, Toronto
General Hospital, 101 College St.,
Toronto, Ont. M5G 1L7

Diagnosis of Deep Vein Thrombosis
All patients were given potassium
iodide 100 m g/d preoperatively. This

was continued for at least 2 weeks
following the last injection of iodine125-fibrinogen.
Each patient was injected with ap
proximately 100 ;/.Ci of 425I-fibrinogen
in the recovery room after the last
blood sample was obtained. Scanning
was done on alternate days until the
patient was discharged or transferred
to a convalescent hospital. If the scan
gave a positive result, impedance
plethysmography (IPG) was per
formed daily. The leg scanning proce
dure was performed with an Ibrinitor
portable radioisotope monitor (Amersham Corp., Arlington Heights, IL).
Criteria for a positive scan result were
those used by Hirsh.1,16
Electrical
impedance plethysmo
graphy was performed with an IPG
200 (Cintor division, Codman and
Shurtleff, Division of Ethicon Sutures
Ltd., Peterborough, Ont.) according to
the technique of Hull and colleagues17
every third day until discharge.
Venography was performed if the
scan became positive and remained so
for 30 days, if the IPG became positive
or on the day before discharge if the
scan and IPG remained negative.
The data were tabulated and statis
tical calculations were performed and
analysed by the unpaired Student’s
/-test.
Results

As can be seen in Table I, the first
indication of thrombosis was a positive
radioisotope scan. The earliest day on
which the radioisotope scan became
positive was the 2nd day after opera
tion and the latest was the 14th day
(mean 5.5 days).
The concentrations of free fatty
acids in each patient are set forth in
Table II. No correlation existed be
tween thrombosis and the patterns of
free fatty acids in the individual pa
tient.
The mean concentrations of free
fatty acids at different times did reveal
a difference between those with
thrombosis and those without (Table
III, Fig. 1). The mean preoperative
and intraoperative concentrations were
higher in patients with thrombosis.
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Discussion

There is abundant experimental
evidence that high concentrations of
free fatty acids promote thrombosis.
The addition, of free fatty acids or
their extracts to blood in vitro has
produced markedly shortened coagula
tion times.613 It has been suggested
that abnormally high concentrations of
fatty acids could damage vascular en
dothelium and initiate clot formation
in situ.5,11'13 The concentration of fatty
acids in the blood has been suggested
as a causative factor of platelet ab
normalities.18 Hoak, Connor and War
ner7 showed that various fatty acids
aggregated blood platelets in vitro.
Bridges and associates19 produced an
elevation of fatty acids in vivo which
correlated positively with platelet ad
hesiveness.
Lindquist, Bagge and Saldeen20
believed that, in their study, the release

of free fatty acids following trauma
caused an inhibition of fibrinolysis and
thus an increase in the propensity for
thrombosis.
Of seven patients in our study who
underwent total hip arthroplasty, four
subsequently had thrombosis. The
mean concentrations of free fatty acids
initially, immediately before and dur
ing operation were higher in patients
who subsequently had thrombosis than
in those who did not.
No detailed studies were done with
respect to platelet function, fibrino
lysis or coagulation, so no inferences
with respect to the mechanism of ac
tion can be made. Studies by other
investigators of the hemostatic mech
anism in patients who undergo opera
tion have not identified patients liable
to thrombosis. For example, platelet
adhesiveness increases in all patients
postoperatively.21 However, the intra
operative mechanism of hemostasis has

not yet been explored. Individual fatty
acids have not been separated and
quantified in this study so no specific
fatty acid can be incriminated in the
pathogenesis.
Finally, the medical significance of
the results is not yet determined. Al
though the difference of free fatty
acid concentrations in the two groups
is clearly significant, the number in
each group was small. At the very
least, however, a difference has been
established with sufficient clarity to
warrant further more-detailed studies.
We thank Dr. P. Edrenyi, department
of pharmacology, for his advice concern
ing statistical treatment of the data. We
also thank Dr. W.R. Harris, chief of
orthopedics, for his encouragement and
support.
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Table 1—Results of Iodine-125 Leg Scanning, Impedance
Plethysmography (IPG) and Venography Postoperatively
Age, yr

Patient no.
1

72

2

68

3

77

4

63

5
6
7

68
55
60

125l leg scanning

IPG

Venography

Left calf
positive at 14 d
Bilaterally
positive at 2 d
Left calf
positive at 2 d
Left calf
positive at 2 d
Negative
Negative
Negative

Right thigh
positive at 14 d
Negative

Left calf, right thigh
positive at 14 d
Left and right calves
positive at 5 d
Left calf
positive at 5 d
Left calf
positive at 5 d
Negative at 12 d
Negative at 14 d
Negative at 14 d

Negative
Negative
Negative
Negative
Negative

Table I I - Free Fatty Acid Concentrations (jj.eq/1) Measured at Different Intervals

Patient Thrombosis
present Fasting Postinduction
no.
i
2
3
4
5
6
7

Yes
Yes
Yes
Yes
No
No
No

500
730
630
720
650
470
320

Reaming of
femoral canal

Insertion of
Skin
4h
cement and
prosthesis closure postop Mean

350
870
880
990
500
370
300

630
740
640
720
650
560
310

120
500
300
900
530
780
430

150
650
980
860
500
640
650

790
1230
840
840
850
620
1560

420
790
720
750
610
580
600

FIG. 1— Mean values of free fatty acids
for patients in whom thrombosis occur
red (--------- ) and in those without throm
bosis ( - - - - ) are plotted for each interval
of sampling. Vertical bars represent
standard error of mean deviation for each
value.

Table III—Mean Values of Free Fatty Acids (ueq/l) at Each Interval* for Patients with Thrombosis and Those Without

Patient group

Mean

Fasting, 1

Postinduction, II

Reaming of
femoral
canal, III

Thrombosis
No thrombosis

690
565

645
480

680
510

770
390

<0.001

<0.001

<0.001

P value

<0.0001

Insertion of
cement and
prosthesis, IV

Skin
closure,V

4h
postop, VI

Maximum

Minimum

660
600

455
580

925
1010

1000
1060

410
390

NS

NS

NS

NS

NS

*1 to VI are the sample numbers shown in Fig. 1.
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Bacteriologic Monitoring in Abdominal Aortic Surgery
K e it h S c o bie , m d , dabs , facs , fr cs [c ], N eil M c P hail , m d , fr c s [c ],
G r a em e B arber , m d , fr c s [c ] and R obert E lder , m d , f r c p [c ]

In patients who undergo abdominal
aortic operations, cultures have been
recommended perioperatively to identify
potential sources of graft
infection. Bacteriologic monitoring
was done in a group of patients
receiving antibiotics prophylactically.
Of 197 bowel bag cultures, 28 (14.2%)
demonstrated small numbers of bacteria,
usually Staphylococcus epiderm idis,
while of 31 aneurysm wall cultures,
7 (22.6%) grew bacteria. Four (6.6% )
of 60 urine cultures done preoperatively
indicated a significant bacteriuria,
necessitating postponement of elective
operations. Twenty-eight (46% ) of 61
wounds revealed organisms of low
pathogenicity, none of which caused
overt infection. While the majority of
63 nasal cultures grew bacteria, this
result did not influence the management
of any patient.
Eleven graft infections occurred in
517 abdominal aortic grafts inserted
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between 1967 and 1977. In three
patients, infection was already present
at the time of emergency operation
while in another three, infections
occurred subsequently, due to paraprosthetic-enteric fistulas in two and
and septicemia secondary to an opera
tion on the genitourinary tract in the
third. In the remaining five patients,
no cause for infection was identified.
Thus, no bowel bag culture and only
one aneurysm wall culture was useful.
This study has failed to demonstrate
the value of routine cultures periopera
tively in patients who undergo ab
dominal aortic operations.
Chez les patients qui subissent une
operation de I'aorte abdominale, des
cultures perioperatoires ont ete
recommandees dans le but d’identifier
les sources potentielles d’infection
du greffon. Une surveillance bacteriologique a ete maintenue chez des
patients recevant des antibiotiques a
but prophylactique. Sur 197 cultures de
I’enveloppe intestinale, 28 (14.2%)
demontrerent de petits nombres de
bacteries, habituellement du
Staphylococcus epiderm idis, alors que
sur 31 cultures de la paroi de i'anevrisme, 7 (22.6%) montrerent des bacteries.
Quatre (6.6%) des 60 cultures d’urine

prises avant I'operation indiquerent
une bacteriurie significative necessitant
la remise a plus tard des operations
non urgentes. Vingt-huit (46%) des
61 plaies ont revele des microorganismes de faible pathogenicite dont aucun
ne causa une infection evidente. Alors
que la majorite des 62 cultures nasales
mit en evidence des bacteries, ces
resultats n'influencerent le traitement
d’aucun patient.
Onze infections de greffons sont
survenues a la suite de 517 greffes
de I'aorte abdominale pratiquees entre
1967 et 1977. Chez trois patients,
I'infection etait deja presente au
moment de I'operation d’urgence, alors
que chez trois autres, I’infection
apparut subsequemment a cause d'une
fistule entero-paraprosthetique chez
deux sujets et d’une septicemie
secondaire a une operation des voies
genito-urinaires chez le troisieme. Chez
les cinq autres patients, aucune cause
d’infection ne fut identifiee. Done,
aucune culture de I'enveloppe intestinale
et une seule culture de la paroi de
I’anevrisme fut utile. Cette etude
echoua dans sa tentative de demontrer
la valeur des cultures perioperatoires
systematiques chez les patients qui
subissent une operation de I'aorte
abdominale.

VOLUME 22, NO. 4, JULY 1979 / THE CANADIAN JOURNAL OF SURGERY

Infection of abdominal aortic grafts is
a catastrophic complication of aortic
surgery and causes high mortality,
prolonged and expensive hospitaliza
tion, and difficult diagnostic and thera
peutic problems for the health-care
team. Obviously prevention of infec
tion is the best solution. This involves
all the techniques of modern arterial
surgery. The value of bacterial cultures
for patients undergoing aortic surgery
has not yet been ascertained. Ernst
and colleagues1 studied 80 patients who
underwent abdominal aortic aneurys
mectomy in a group of patients who
received antibiotics perioperatively.
Twelve (15%) of 78 aneurysm cul
tures and 5 (11%) of 45 intestinal bag
cultures grew bacteria. There was a
substantially greater frequency of bac
terial growth in ruptured than in nonruptured aneurysms. They concluded
that aneurysmal and intestinal bag con
tents are sources of late graft sepsis
and recommended routine cultures of
aneurysms and intestinal bag fluids
and the use of organism-specific anti
biotics as required.
Clinical Material

At the Ottawa Civic Hospital be
tween Jan. 1, 1967 and Dec. 31, 1977,
517 patients had abdominal aortic
grafts inserted. The operative mortality
was 55% (45 patients) of the 82 pa
tients with ruptured abdominal aortic
aneurysms, 5.1% (11 patients) of 214
with non-ruptured aneurysms and
1.4% (3 patients) of 221 who under
went elective reconstruction for aortoiliac occlusive disease, leaving 458 pa
tients as candidates for potential graft
infection.
All patients received ampicillin and
cloxacillin starting 36 hours before the
operation and continuing for 8 days
after, unless specific pathogenic organ
isms were identified necessitating a
change in the antibiotic therapy. Cul
tures of urine, sputum and ischemic
lesions of the legs were done preoperatively. Patients with positive cultures
were treated by the specific antibiotic
and the operation was postponed until
the infection resolved. Mechanical and
antibiotic preparation of the bowel was
routine before elective aortic surgery.
The skin was prepared with pHisoHex and intermittent positive-pressure
breathing instituted for 48 hours be
fore operation. In the operating room
the skin was shaved with a razor and
prepared for operation with Proviodine® (7.5% providone-iodine 10%).
Plastic skin drapes were used. During
some of the more recent operations
the wound was lavaged with bacitracin.
Material from bowel bags, aneurysm
walls and incisions was cultured aero

bically and anaerobically using sheep
blood agar, MacConkey agar and
thioglycolate broth. From Sept. 1, 1974,
all anaerobic cultures were performed
in an anaerobic tent using pre-reduced
supplemented media. Cultures were
held for a minimum of 5 days before
they were discarded as being negative.
Results

Incidence of Infection
The number of aortic graft infec
tions is shown in Table I. The level
of the distal anastomosis (Table II)
and the graft material used (Table III)
did not influence statistically the in
cidence of infection. Graft infection
after operation was clinically apparent
within 30 days in four patients, within
6 months in one, in 6 to 12 months in
two, in 1 to 2 years in two, and
after 2 years in two patients (at 24
and 25 months, respectively).
Bacteriologic Findings
Bowel bag cultures.— Results of 197
bowel bag cultures were available for
study. One hundred and sixty-nine cul
tures yielded no growth while 28
(14.2%) grew bacteria. Staphylococus epidermidis was isolated on
subculture from broth media after 2
or 3 days of incubation in 11 instances.
This happened six times in a 2-month

Table

period and may have been the result
of technical error. There were three
instances in which enterococcus was
cultured, two each of Staphylococcus
aureus, Escherichia coli and Proprionibacterium sp. and single episodes in
which one of the following organisms
was isolated: Bacillus sp., diphtheroid,
Clostridium sp., Pseudomonas aerugi
nosa, Enterobacter and Citrobacter
freundii. In one case a mixture of
P. aeruginosa, E. coli and a Bacteroides
sp. was isolated, while in another E.
coli and a Bacteroides sp. were cul
tured. In each instance bacteria were
recovered from fluid media after 2 to 3
days of incubation, not from solid cul
ture media. The number of bacteria
present in the bowel bag was low in all
instances. There was no correlation be
tween the isolation of bacteria from
bowel bags and subsequent infection.
There was no graft or other significant
infection in patients with positive bow
el bag cultures and no change in anti
biotic therapy was ever instituted as
a result of these cultures.
Aneurysm wall cultures.—Of the 42
aortic aneurysms resected in 1977, 31
cultures were performed of the aneur
ysm wall or thrombus; 24 (77.4%)
specimens were sterile. In five speci
mens 5. epidermidis was isolated, usu
ally on subculture. A /3-hemolytic
streptococcus was isolated from one

1— Aortic Graft Infections*
No. of
grafts

No. of
infections

Infection rate,
%

214 (203)
82 (37)
221 (218)

5
4
2

2.3 (2 .5 )
4.9 (10.8)
0.9 (0.9)

517 (458)

11

2.1 (2.4)

Disease
Nonruptured aortic aneurysms
Ruptured aortic aneurysms
Aortoiliac occlusive disease

‘ Brackets indicate figures for the survivors.

Table II— Relation of G raft Location to Rate of Infection
No. of
grafts*

Location
A ortoiliac
Aortofemoral

373
135

No. of
infections
8
3

Infection rate,
%
2.1
2.2

*No graft was placed in 9 patients who died at operation.

Table 111— Relation of G raft M aterial to Rate of Infection

M aterial
Dacron
Teflon

No. of
No. of
Infection rate,
grafts*__________ infections_____________ %
352
156

5
6

1.4
3.8

*9 patients died at operation.
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specimen and Klebsiella pneumoniae
and Enterobacter aerogenes from an
other. In no instance were organisms
isolated in large numbers and no graft
infections occurred in these patients,
either when cultures of the aneurysm
wall yielded no growth or when cul
tures were positive.
In the 11 patients who had infection
of the graft, 3 had apparent foci of
infection at the time of emergency re
section of the ruptured abdominal
aortic aneurysm. One had an aortoduodenal fistula, and culture of the
aneurysm at operation grew S. aureus,
/^-hemolytic streptococcus (not Lancefield group A) and S. epidermidis. An
other had an infected incision from
right inguinal herniotomy while the
third had a 3-week history of intermit
tent spiking temperature to 40 “C, asso
ciated with back and abdominal pain
before his aneurysm ruptured. At the
time of emergency operation in the last
patient cultures of the aneurysm wall
and contents yielded no growth despite
the gross appearance of infection of
the aneurysm wall and retroperitoneum.
Thus, even in this group of eight pa
tients with eventual development of
graft infection, only one aneurysm wall
culture was positive and specific anti
biotic therapy did not change the sub
sequent course in this patient.
Urine cultures.—Urine cultures were
reviewed in 60 patients; 56 cultures
(93.4%) were negative. Significant
bacteriuria was considered to be present
when a colony count of a single or
ganism was 100 000 or more per milli
litre. Two patients had E. coli bac
teriuria, one had /3-hemolytic strep
tococcus (Lancefield group B) and one
had S. epidermidis. In these four pa
tients elective operation was delayed
until the infection was controlled by
the appropriate antibiotic. The large
percentage of negative urine cultures
in this series suggests that the meth
ods of urine culture in our hospital
are accurate, without false-positive re
sults.
Wound cultures.—Material from the
wound was cultured at the first change
of dressing in 61 patients; 28 (46%)
patients had positive cultures. Staphy
lococcus epidermidis was isolated in 17
patients and S. aureus in 2 patients.
The following single or pairs of or
ganisms were isolated from single cases:
C. freundii and E. coli, S. epidermidis
and Serratia marcescens, Peptococcus
sp., Enterobacter cloacae, S. aureus and
/3-hemolytic streptococcus (not group
A): P. aeruginosa, E. coli, enterococcus
and S. aureus, E. coli and S. epidermi
dis, enterococcus. In none of these
patients did a clinical wound infection
develop to prolong the hospital stay
or was antibiotic therapy changed.

urine cultures were positive for E. coli,
which was later cultured from the
graft. In the remaining five patients no
cause for infection was identified.
Three of these had a false aneurysm
at a femoral anastomosis, in one the
infection was associated with acute
thrombosis of a limb of the graft and
in one patient no positive cultures
could be obtained from the false
aneurysm but the clinical course sug
gested an infectious cause. The fourth
patient had an aortoduodenal fistula
associated with major retroperitoneal
infection while the remaining patient
died of an aortoduodenal fistula with
no gross or microscopic evidence of
sepsis. Death was probably due mainly
to mechanical erosion of the duodenum.
Thus in these 11 patients, no bowel
bag culture and only one aneurysm
wall culture was of any help diag
nostically or therapeutically.
The value of the prophylactic anti
Discussion
biotic regimen used in this series can
Preventing infection of aortic grafts not be determined. It is interesting
involves many facets of patient care, to compare the rate of graft infection
including meticulous surgical tech in patients who underwent elective op
nique, well-designed operating rooms2 eration and were given the usual anti
with clean air,3 control of carriers,4 biotic therapy preoperatively with those
and careful draping5 and gowning.6 patients who underwent emergency
Intraoperative lavage of the wound operation and received antibiotics pre
with antibiotics7 and aerosol spray con operatively only in the emergency
taining neomycin, polymyxin B and room. Of 414 patients operated on
bacitracin8 have also been recom electively, graft infection developed
mended. Local factors requiring atten in 6 (1%) compared with 5 (4.8%) of
tion at the time of aortic grafting in the 103 patients who underwent emer
clude gentleness in dissection around gency operation — 82 for ruptured ab
the duodenum to avoid laceration or dominal aortic aneurysm and 21 be
ischemic necrosis,9 retention of part cause of imminent rupture of the
of the aneurysm wall to decrease dis aneurysm. If the three patients who
section of the duodenum,10 avoiding had infection at the time of the emer
kinking of the graft,11'13 and careful gency are not taken into account,
retroperitoneal closure,14 often in two two (1.9%) patients of the emergency
layers,15 or with additional omental group actually had infection of the
wrapping.16 The role of prophylactic graft. While the combination of anti
antibiotic therapy in arterial surgery biotics used in prophylaxis was not
has been controversial because of the broad it did cover many of the com
lack of any controlled study. Probably monly encountered bowel and skin
most vascular surgeons use antibiotics organisms and may have minimized
routinely1,1719 or selectively in the any tissue contamination by them.
presence of relatively increased risk The extended period during which
of infection.20 It was hoped that cul antibiotics were given prophylactically
tures done perioperatively would per is not in keeping with current thought
mit more specific use of prophylactic on this subject. However, the combina
antibiotics in our group of patients.
tion used has proved innocuous in
Of the 11 patients in whom graft terms of toxicity and development of
infections developed, 3 apparently had resistant strains of bacteria and is rela
definite foci of infection at the time tively inexpensive. The cultures ob
of emergency operation. In three others tained of skin and nasal organisms
serious infection developed later; in probably reflect the effect of these
two the infection was secondary to antibiotics.
paraprosthetic-enteric fistulas and in
one it developed following genitour
inary tract surgery performed 24
Conclusions
months after uneventful excision of an
abdominal aortic aneurysm. In the last
This study does not support the rou
patient, the postoperative course after tine culture perioperatively of aneurysm
excision of a congenital megaureter was wall material and bowel-bag fluid and
complicated by septicemia; blood and does not substantiate the suggestion
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Nasal cultures.—Nasal cultures in 62
of the patients grew organisms, in
most cases. Staphylococcus epidermi
dis was by far the most frequently
isolated species. Next in frequency was
S. aureus, followed by one or two iso
lates of nonpathogenic Neisseria,
Streptococcus pneumoniae and diph
theroids. In one patient Neisseria
meningitidis was found and in one
Hemophilus parainfluenzae. In five
patients gram-negative bacilli were
isolated; they included Escherichia
cloacae, K. pneumoniae, Enterobacter
agglomerans, Acinetobacter calcoaceticus and a Moraxella sp. Perhaps
previous antibiotic therapy was re
sponsible for the presence in the an
terior nares of these gram-negative
bacilli. These cultures had no influence
on the operative management or sub
sequent course of any of the patients.

that these sites are sources of later
graft infection.
The results of culture of bowel bag
and aneurysm wall are difficult to in
terpret. While several isolates were
sensitive, by in vitro tests, to the anti
biotics used prophylactically, others
were not, and this appeared to have
no bearing on the patient’s postopera
tive course.
Culture of bowel bag and aneurysm
wall may be valuable as a possible in
dicator of the infecting organism if sub
sequent graft infection occurs.
Urine cultures that were positive
preoperatively caused postponement
of elective aortic surgery until the
infection was controlled.
Nasal cultures may be valuable in
isolating unusual bacteria, as occurred
in five instances in our series.
The wound cultures demonstrated an
opportunistic group of organisms, none
of which seemed to cause infection.
However, we believe that wound cul
tures may occasionally produce a truly
pathogenic organism.
Based on these data, we conclude
that continued routine cultures perioperatively are not indicated in patients
who undergo abdominal aortic surgery.
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• Possesses narcotic antagonist properties—
Should not be used in patients physically
dependent on narcotics or with significant
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will induce withdrawal reactions unless
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Diagnostic Ultrasonography in Acute Cholecystitis
J.L. STOLLER, MB, FRCS, FRCS[C],* P.L. COOPERBERG, MD, F R C P [clf
a n d W.M. S im p s o n , m b , f r c s [ c ]*

In a 12-month period 100 patients
with clinical evidence of acute disease
of the gallbladder were studied in
hospital by grey scale ultrasonography.
During the same hospital admission
it was possible to correlate results of
ultrasonography with operative
findings in 66 patients. In 52 patients
the ultrasonographic diagnosis
of gallstones was proved to be correct.
There were no false-positive results.
In seven patients the ultrasonographic
report of a normal gallbladder without
stones was also confirmed. In two
patients, the report of a normal
gallbladder without stones was
erroneous. In two more patients the
scan was indeterminate and stones
were found at operation. In the
remaining three patients echogenic
material was reported and at operation
minute stones and “sludge” were
found. No complications resulted from
the ultrasonography.
The study showed that grey-scale
ultrasonography is a reliable, rapid
and safe technique for detecting
gallstones in patients with a
clinical diagnosis of acute cholecystitis.
Sur une periode de 12 mois, 100
patients montrant des signes cliniques
d'affection aigue de la vesicule
biliaire ont ete examines en milieu
hospitalier au moyen de I'ultrasonographie a echelle de demi-teintes. Chez
66 patients, il a ete possible d’etablir
une correlation entre les resultats
de I’ultrasonographie et les observations
chirurgicales au cours de cette meme
hospitalisation. Chez 52 patients,
le diagnostic ultrasonographique de
calculs biliaires fut confirme. On
n'enregistra aucun faux resultat positif.
Chez sept patients, un rapport
ultrasonographique de vesicule normale
sans calcul biliaire fut aussi confirme.
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Chez deux patients, le rapport de
vesicule saine sans calcul biliaire se
montra errone. Chez deux autres
patients I'echogramme etait imprecis
et des calculs furent retrouves a
I operation. Chez les trois autres
patients une substance echogene fut
signalee et des calculs minuscules
et de la boue biliaire furent retrouves
a I’operation. L’ultrasonographie
n’entraina aucune complication.
Cette etude montre que I'ultrasonographie a echelle de demi-teintes
est une technique fiable, rapide et
sure pour la detection des calculs
biliaires chez les patients porteurs d’un
diagnostic clinique de cholecystite
aigue.

Grey-scale ultrasonography has been
shown to be a useful technique for
detecting gallstones.1'6 However, the
place of this new diagnostic aid in rela
tion to established radiologic tech
niques in the emergency situation is
not yet clear.
This paper presents the results of a
prospective study designed to determine
the value of grey-scale ultrasonography
in cases of clinically diagnosed acute
cholecystitis.
Patients and Method

Between Aug. 1, 1976 and July 31,
1977, 100 patients (63 women, 37
men) with a clinical diagnosis of acute
cholecystitis were referred by surgeons
at the Vancouver General Hospital for
ultrasonography. Their ages ranged
from 18 to 92 years. The examination
was usually performed within 12 hours
of admission. Other diagnostic proce
dures were done as thought necessary
by the attending surgeon and were not
standardized in any way. Reports of
the ultrasonography indicated either
definite stones seen or no stones
seen. There were five cases that did
not fit into either of these categories
and these will be discussed below.
Only operative and pathological con
firmations of the presence or absence
of gallstones were accepted as correla
tion of the scan results. Abdominal
exploration was performed in 67 of
these patients during the same hospital

admission. In one of these patients we
considered that the presence or absence
of gallstones had not been adequately
established and therefore 66 cases were
left for analysis.
Technique of Ultrasonography

All patients were fasting since they
presented as abdominal emergencies.
No other preparation was necessary.
Scanning was done with a conventional
compound scanner (Searle Pho-Sonic
with a 3.5-MHz medium focus trans
ducer, G.D. Searle & Co., Des Plaines
IL). Supine and left posterior oblique
(right side up) positions were used.
Oblique planes of section were used
to show the gallbladder longitudinally,
and at right angles to the oblique
plane to show it transversely. On aver
age the examinations took about 20
minutes. We did not measure gallblad
der size since this is so variable in
normal fasting subjects.
Results

Stones were reported to be present
by ultrasonographic examination in 52
patients and in all this was confirmed
at operation. Thus there were no false
positive reports. In seven cases, the
scan showed no stones and at sub
sequent laparotomy this was con
firmed. In two cases the gallbladder
was visualized on the scan but stones
were not. In these patients stones were
found at a subsequent laparotomy.
In two cases the gallbladder was not
visualized by ultrasonography; these
examinations were reported as inade
quate with an indeterminate diagnosis.
At laparotomy both gallbladders were
found to be tightly packed with small
stones. In the remaining three patients
diffuse low-level echoes were noted
in the dependent portion of the gall
bladder but no definite calculi were
seen. These cases were reported as
showing no stones but it was suggested
that biliary “sludge” was present. At
surgical exploration, the gallbladder in
each case was found to be acutely in
flamed and there were stones 3 mm
or less in diameter in very dense
viscid bile.
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FIG. 1—Longitudinal sonogram of right upper abdominal quadrant showing
liver (L) and gallbladder (g) containing 1.8-cm calculus (arrow). Note acoustic shadow
(A) deep to echo from calculus.

pancreatitis.9 Other more invasive
techniques such as retrograde cholan
giopancreatography or percutaneous
transhepatic cholangiography are not
suitable in acutely ill patients.
In contradistinction to these meth
ods ultrasonography appears, from
our results, to fulfil the requirements
of accuracy, rapidity, noninvasiveness
and safety. On ultrasonographic exami
nation, the gallbladder appears as a
tear-shaped, fluid-filled structure in
the right upper quadrant of the abdo
men. This is indicated by the absence
of echoes within the normal gallbladder,
a smooth, deep border and the en
hancement of echoes deep to the gall
bladder due to the lack of attenuation
of the sound beam by the bile within
it. The diagnosis of a calculus can be
made by the demonstration of a strong
echo or echoes within the gallbladder
lumen, and in almost all cases a definite
though sometimes faint acoustic shad
ow deep to the calculus can be seen.
This shadow is due to the hypersen
sitive sound reflection at the bile-cal
culus interface. It may be necessary
to decrease the sound output or in
crease the sound frequency to dem
onstrate the acoustic shadow. If the
shadow cannot be demonstrated the
presence of calculi is in doubt. In this
situation, it is extremely helpful to roll
the patient onto the left side in the
hope that the calculus will move. In
a recent publication10 there were three
instances of false-positive reports and
we believe that the visualization of
acoustic shadowing will help to elimi
nate this error (Fig. 1).
While we recognize that the dem
onstration of gallstones may be in
cidental and that about 5% of cases
of acute cholecystitis may occur in the
absence of gallstones,11 there are un
doubtedly situations in which manage
ment may be substantially altered if
the presence, or more often the ab
sence, of gallstones can be accurately
and quickly established. Probably the
most helpful scan is one in which no
stones are seen or which is indeter
minate. In these cases, the diagnosis
should be reconsidered and other
emergency investigations carried out.
In our 66 patients, emergency intraven
ous cholangiography would have been
necessary in only 11 (in which no stones
were seen or the examination was inde
terminate) rather than in 35 who were
actually subjected to the study. This
would greatly reduce time-consuming
and arduous radiologic studies and de
crease the risk of allergic reaction.
In the two patients in whom the
gallbladder was inadequately visualized,
it was found at operation to be tightly
packed with stones and almost no fluid
was present. The lack of interface
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In summary, there were no false
positive results. In seven patients the
correct diagnosis of a normal gallblad
der was made. In two (3%) patients
there was a false-negative result and
two more had an indeterminate scan
but stones were discovered at opera
tion. In three cases there were ab
normal echoes from the gallbladder
and viscid, dense bile with tiny stones
was found. A summary of the results
is shown in Table I.
There were no complications of ul
trasonography either directly or result
ing from a delay of subsequent therapy.
Discussion

A diagnosis of acute cholecystitis is
suspected and most often made by
clinical evaluation. A specific diagnos
tic laboratory test for this disease would
be valuable. Unfortunately no such
test is available, but it is certainly of
great assistance to have the presence

or absence of gallstones demonstrated
in clinically suspicious cases.
Gallstones may be demonstrated by
radiologic methods but their applica
tion creates some problems in emer
gency cases. For example, while plain
films of the abdomen are simple to
obtain, only about 10% of gallstones
will be seen.7 Oral cholecystography
requires too long a preparation time
and is not applicable in jaundiced pa
tients or those who are vomiting. In
travenous cholangiography will dem
onstrate cystic duct obstruction but is
of limited value in patients with an
elevated serum bilirubin or alkaline
phosphatase value.8 Also it is generally
considered that a delayed film at 24
hours is necessary to ensure that there
is not late filling of the gallbladder.
Finally, a small number of patients are
sensitive to the intravenous contrast
material. Both intravenous and oral
cholecystography often fail to visualize
the gallbladder in the presence of acute

Table I—Correlation between Findings of Ultrasonography and at Operation
for Acute Cholecystitis
Operative findings, no. of patients

Ultrasonography
Diagnosis

No. of patients

Stones present

Normal gallbladder

Stones seen
No stones seen
Indeterminate
Sludge

52
9
2
3

52
2
2
0

0
7
0
0

“ Sludge” present
0
0
0
3

Excluding sludge cases, frequency of false-negative results was 6%.

probably explains the indeterminate
scan findings. We suggest that such a
scan should alert the clinician to this
possibility.
In three cases echogenic material
was noted within the gallbladder but
no definite acoustic shadowing was
apparent (Fig. 2). These scans were
reported as showing no stones but the
comment was made that there was
sludge in the gallbladder. Definite con
clusions cannot be drawn from this
type of examination. At operation,
acute cholecystitis was found and
viscid bile was present with many tiny
gallstones. W e believe that the “echo
genic bile” is this thick, viscid bile
which presumably contains clumps of
cells of crystalline material such as
cholesterol. We have previous experi
ence of cases in which no calculi were
identified in the presence of echogenic
bile and we believe that this material
may obscure the coexistence of tiny
calculi changing the bile-calculus inter
face and therefore decreasing the

chance of seeing an acoustic shadow.
When calculi are large enough they
may be seen even in the presence of
echogenic bile (Fig. 3). Probably the
finding of echogenic bile on a scan
should be reported as such, but it may
not indicate a pathologic condition.
Although oral cholecystography re
mains the mainstay of diagnosis in
chronic or subacute gallbladder dis
ease, we believe that in an acute
clinical presentation ultrasonography is
the technique of choice for a safe, rap
id and highly reliable diagnosis of the
presence or absence of gallstones.
Since completing this study, we have
been using a high resolution real time
ultrasound sector scanner and this tech
nique appears to be more accurate
and less time-consuming than the con
ventional scanning technique. We are
at present correlating the new data.
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Re-evaluation of Thrombectomy in the Management
of Iliofemoral Venous Thrombosis
J.L. P rovan, b sc, ms, frcs, frcs[c], facs and E.J. R umble , md

The authors studied 15 patients with
iliofemoral venous thrombosis up to
8 years after the diagnosis was made, to
determine whether there was late
deterioration in venous function following
thrombectomy. Twelve patients were
treated by venous thrombectomy and
anticoagulants and 3 by anticoagulants
alone. Eight of the 12 patients subjected
to thrombectomy had an excellent
result with limbs that were considered
normal. This did not confirm earlier
reports which indicated that good early
results were not maintained.
In 4 of the 12 surgically treated
patients minor symptoms of leg pain
and swelling were present which also
did not progress with time. In all
patients treated by anticoagulants alone
major symptoms of leg pain and severe
swelling persisted.
Three of the four patients with
persistent minor symptoms after venous
thrombectomy were found at operation
to have left iliac vein compression
syndrome. Only one of eight patients
having an excellent clinical result had
this syndrome.
Les auteurs ont etudie 15 patients
ayant souffert d'une thrombose de la
veine ilio-femorale, jusqu’a 8 ans apres
I’etablissement du diagnostic, afin de
determiner s’il y eut deterioration
tardive de la fonction veineuse a la
suite d’une thrombectomie. Douze
patients furent traites par thrombec
tomie veineuse et anticoagulants et 3
repurent seulement des anticoagulants.
Huit des 12 patients soumis a une
thrombectomie eurent d'excellents
resultats avec des membres consideres
comme normaux. Ceci ne confirme
pas des rapports anterieurs qui
faisaient etat de bons resultats
immediats ne s'etaient pas maintenus.
Chez 4 des 12 patients chirurgicaux,
des symptdmes mineurs consistant en
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douleur et enflure des jambes,
persisterent mais ne s'aggraverent
pas avec le temps. Chez tous les
patients traites par anticoagulants
seuls, des symptdmes importants de
douleur et d'enflure severe des
jambes demeurerent.
Chez trois des quatre patients ayant
persistance de symptdmes mineurs
apres thrombectomie veineuse, on
trouva a I'operation qu’ils souffraient
du syndrome de compression de la
veine iliaque gauche. Seulement un des
huit patients ayant eu d'excellents
resultats cliniques avait ce syndrome.

In 1948 Leriche1 advocated the use of
thrombectomy in the management of
iliofemoral venous thrombosis and in
1954 Mahorner2 first reported its use
in North America. However, the role
of surgery in treating this condition
became controversial following the
early reports. In particular, the follow
up study by Lansing and Davis3 which
reported late failures even in patients
with good results initially caused many
to abandon the operation. The late de
terioration in patients treated surgically
was presumed to be due to valve dam
age manifested by incompetence of the
deep and communicating veins. Such
incompetence would have been caused
by recanalization of thrombosed calf
veins inadequately cleared by thrombec
tomy or in which thrombosis developed
postoperatively. The use of heparin and
coumadin is apparently no more effect
ive in immediate treatment or in the
prevention of the postphlebitic syn
drome.
One of the principal aims of vascular
reconstruction is to restore normal flow,
either by removing obstructive lesions
within vessels or by using bypass tech
niques. It seems reasonable to apply this
concept in the case of venous throm
bosis and to re-examine the role of
venous thrombectomy with particular
regard to its failure in the late postoper
ative period.
This paper is based on the study of
15 patients with iliofemoral venous
thrombosis who were followed for up
to 8 years.

Patients and Methods

Fifteen patients with an unequivocal
diagnosis of iliofemoral venous throm
bosis, made either at operation or by
venography, or both, were studied.
Twelve of the patients were treated by
thrombectomy but, surprisingly, there
were only three with a proven diagnosis
of iliofemoral venous thrombosis who
were treated with anticoagulants alone.
After treatment, all patients were
available for study except for one
woman who died of an unrelated di
sease. In her case, detailed notes of reg
ular follow-up examinations to the time
of her death were available.
Follow-up was by clinical examin
ation. Measurements were made of the
legs 12.5 cm below and 25 cm above
the tibial tuberosity. Doppler venous
flow studies determined the presence or
absence of flow in the femoral and
iliac veins, the competence of valves in
the femoral, popliteal and ankle regions
and patency of the femoral and popli
teal veins. Valve competence was
tested by detecting reflux in the groin,
thigh, popliteal fossa and lower calf
and ankle when the patient was asked to
cough and to perform a Valsalva man
euver. Patency of the femoropopliteal
segment was assessed by detecting aug
mented venous flow in the groin during
calf pumping when squeezing the calf
and by pressure along the line of the
femoral vein.
It was originally intended that the
patients should be re-examined by veno
graphy but without exception all pa
tients, who readily attended for follow
up even from great distances, refused
to undergo venography because of the
discomfort occasioned by earlier exam
inations.
Etiology and Diagnosis

Eleven of the 12 patients who under
went thrombectomy were women and 2
of the 3 patients who were not operated
on were men. Nine of the 12 women
were using oral contraceptives and 1
had recently had a child. The diagnosis
was made clinically by the finding of a
characteristic triad of pain, a bluish
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cluded with bulldog clamps or tem
porary heavy silk loops, the patient is
taken off the ventilator and ventilated
by hand and a longitudinal incision is
made in the common femoral vein op
posite the major tributaries of the deep
femoral vein.
Thrombus extrudes from the ven
otomy. A no. 12 Foley catheter is then
passed proximally until blood emerges
from the catheter indicating that the
tip is above the highest level of throm
bus. While this maneuver is being per
formed, the patient is given sustained
positive-pressure ventilation to raise
the central venous pressure and reduce
venous flow in order to prevent em
bolization. The bulb of the Foley ca
theter is then inflated and the catheter
withdrawn; the pressure of the saline
in the balloon is adjusted as the com
mon iliac vein is entered from the in
ferior vena cava, again as the external
iliac vein is entered from the common
iliac and also at the site of the usual
valve in the iliac system situated imme
diately proximal to the inguinal liga
ment. Care must be taken not to dam
age this valve. After the catheter has
been withdrawn the vein is clamped
while the anesthetist transfers the pa
tient from positive-pressure to normal
ventilation. The catheter is passed sev
eral times until no more thrombus is
obtained. If the thrombus is sufficiently
old it may be grasped by a pair of for
ceps or by the fingers and removed in
tact from the lower part of the femoral
vein. There is little bleeding at this
point if the external iliac valve remains
competent, and it may not be necessary
to clamp the common femoral vein
proximally once all the clot has been
removed.
Use of the Foley catheter serves two
purposes: it indicates to the surgeon
when the balloon is above the clot, thus
reducing the risk of fragmentation of
the clot and preventing embolization
when flow is restored. It also indicates
the size of the common iliac vein which
may be constricted in the left iliac vein
compression syndrome;4 if the constric
tion is severe it may prevent a wholly
successful result.
Occasionally a small catheter may
pass up a lumbar azygos vein and if
this is unrecognized there will be in
adequate clearance of thrombus leading
to pulmonary embolism. The use of the
larger Foley catheter will prevent this
accident.
A no. 8 Fogarty venous thrombec
tomy catheter is then passed distally. It
is rarely possible to pass the catheter
further than the popliteal vein. Inflation
of the balloon and withdrawal of the
catheter will result in the extraction of
surprisingly large amounts of thrombus
and also in the loss of much blood.

The vein must temporarily be clamped
while the catheter is passed two or three
more times until no more thrombus is
obtained.
Forcible dorsiflexion of the ankle
accompanied by massage of the calf
and of the femoral vein also helps to
expel loose thrombus in the more distal
parts of the venous system; finally a
sterile Esmarch tourniquet is bandaged
tightly around the limb from the ankle
upwards to massage the clot proximally,
after which passive dorsiflexion of the
calf again is performed, the bandages
are removed and dorsiflexion is re
peated.
The Foley catheter is also passed
down the major branches of the deep
femoral vein as well as down the long
saphenous vein although the presence
of valves in the latter prevents much
thrombus from being extracted. The
venotomy is then closed with 5-0 conti
nuous Prolene suture (Ethicon Sutures
Ltd., Peterborough, Ont.) and an ap
propriately cut intravenous catheter is
introduced through a branch of the
saphenous vein and allowed to rest in
the commencement of the external iliac
vein.
The clamps are released and veno
graphy is done on the table by way of
the intravenous catheter using a 60
X 60 cm film, appropriately placed to
include the external and common iliac
veins and the lower inferior vena cava.
Hypaque-M 60%® (20 ml) is injected
and the film is taken as the last of the
contrast material is injected. The veno
gram may reveal residual thrombus in
which case the venotomy is reopened
and the procedure repeated. If dif
ficulty has been experienced in passing
the Foley catheter into the inferior vena
cava, the venogram will confirm the
presence of an obstruction at this site.
Under these circumstances it is extreme
ly important to ensure that good clear
ance of the external iliac vein has been
obtained to help establish collateral cir
culation from the internal iliac vein into
the opposite side.
Postoperatively an intravenous in
fusion of dextrose and saline is given
through the catheter which has been in
serted into the iliac vein and 5000 units
of heparin is administered in each 6hour period. Higher doses of heparin
are not used because of the risk of bleed
ing into the incision. A venogram is
obtained on the following day using
the catheter in the iliac vein and if fur
ther thrombosis appears to have oc
curred the patient is returned to the
operating room and the procedure re
peated. Coumadin is started on the first
postoperative day when the heparin is
discontinued. Coumadin is continued
for 3 to 6 months.
As long as the intravenous catheter
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discolouration and swelling of the af
fected limb. In addition, tenderness was
usually present over the femoral vein,
was invariably present in the groin and
was sometimes associated with the pre
sence of dilated collateral veins running
to the anterior abdominal wall from the
thigh. In most instances, edema was not
a prominent feature but the limb itself
was tense and was found to be in
creased in circumference. Elevation of
the limb would usually not cause the
distended foot veins to empty and, in
some instances, the pedal pulses were
difficult to palpate. No case of venous
gangrene was seen.
The duration of symptoms varied
from 3 to 48 hours. In some patients
the possibility of acute arterial obstruc
tion was suggested by the bluish dis
colouration of the limb and reduction
of pedal pulses; some of these patients
underwent venography to confirm the
diagnosis. As soon as the diagnosis was
made the patient was given 10 000 units
of heparin by intravenous injection. In
patients suffering severe pain and with
evidence of a bluish discolouration and
groin tenderness, operation was recom
mended. The three patients who did not
undergo operation had not been refer
red for surgical treatment.
Operative Technique

Preoperatively, 4 units of blood are
cross-matched before heparin is given.
All operations are performed under gen
eral anesthesia with the patient placed
on a cassette table to permit easy posi
tioning of the film for intraoperative
venography. The affected extremity is
draped free from the groin to the foot
so that the limb can be moved. A longi
tudinal incision is made over the
femoral vein at the groin. The long
saphenous vein is identified and traced
to its confluence with the femoral vein,
the incision in the deep fascia then
being extended proximally to the level
of the inguinal ligament and distally
with division of the lower rim of the
fossa ovalis. The long saphenous vein
is preserved together with one or more
tributaries entering the vein from the
medial side, as one of these will subse
quently be used to introduce a cannula
for venography intraoperatively and
postoperatively and for the adminis
tration of heparin postoperatively. The
solid vein, filled with clot, is exposed
for 6 to 7 cm below the inguinal liga
ment, great care being taken to isolate
and control all branches running into
the posterior aspect of the vein, since
considerable bleeding may occur from
these if they are not controlled before
the thrombectomy is undertaken. When
a sufficient length of vein has been
secured, the major branches are oc

remains in position, the patient is con
fined to bed, but active exercises are
encouraged from the start and the legs
are elevated and bandaged. There is
usually dramatic improvement both in
the patient’s symptoms and in the
colour of the limb although edema
tends to persist for some days. Normal
ambulation is begun once the intra
venous catheter has been removed and
the use of supportive bandages is conti
nued for 1 month after operation.
Should residual edema be a problem,
supportive stockings may be used.
Patients not Operated On
The patients who did not undergo
operation were given 10 000 units of
heparin by intravenous injection, fur
ther doses being administered by inter
mittent bolus injection (q6h) through an
indwelling catheter in a peripheral arm
vein. The size of subsequent doses of
heparin is controlled by the activated
partial thromboplastin time estimated 1
hour before the next dose is due to be
given.5 This regimen is maintained for
7 to 10 days depending on the patient’s
response in terms of pain and swelling.
Ambulation is permitted with the legs
bandaged and active exercises are en
couraged. Between the fifth and seventh
days, the patient is started on oral doses
of coumadin. Heparin is discontinued
2 days later and the coumadin therapy
is continued for 3 to 6 months.
Results (Table I)
Of the 12 patients who underwent
thrombectomy, 4 had evidence of
left iliac vein compression syndrome
with stenotic changes in the termination
of the left common iliac vein at its con
fluence with the right iliac vein. One
of the 12 patients required reopening
of the venotomy at the time of opera
tion to remove residual thrombus from
the common iliac vein and 2 of the 12
were re-explored for recurrent throm
bosis which was shown on the venogram
obtained on the first postoperative day.
Three patients had minor superficial
wound infection in the groin incision.
No patient had pulmonary embolism
either during the procedure or in the

postoperative period. A hematoma de
veloped in one patient and had to be
evacuated.
Of the 12 patients, 8 were asympto
matic at follow-up. Minor swelling (in
crease in limb circumference of 20 to
32 mm) was present in four patients,
and one also had persistent pain. Three
of these four patients had evidence of
left iliac vein compression syndrome
at the time of operation; the catheter
could not be passed into the distal in
ferior vena cava.
The immediate results of the oper
ation were gratifying, with loss of pain
and a notable improvement in the
colour of the limb which became warm
with easily palpable pedal pulses. All
patients had edema of the limb in the
postoperative period but this gradually
resolved in most patients within 6 weeks
of operation.
Doppler ultrasonographic studies
were performed in 9 of the 12 patients
who underwent thrombectomy. The
findings were normal in five. In all nine
the common femoral vein was patent,
but four patients demonstrated incom
petent communicating veins in the calf
on coughing and straining and in one
there was no augmentation of the Dop
pler sound with dorsiflexion of the limb
and calf compression, implying that the
superficial femoral vein was occluded
Two of these four patients had per
sistent minor symptoms as did two of
the five patients with apparently normal
results of Doppler flow studies. The
Doppler ultrasonographic studies were
normal in two of the eight patients
who had excellent results.
Three of the patients who had throm
bectomy with minor degrees of swelling
postoperatively wore supportive stock
ings to control the swelling initially, but
as time went by they tended to wear
their stockings less frequently.
All three of the patients treated with
anticoagulants alone had persistent
major symptoms of pain on standing
and swelling of the leg (10- to 50-mm
increase in circumference). In two of
the three patients signs of the postphlebitic syndrome developed with pig
mentation and varicose eczema, and in
the third ulceration developed. This
patient had undergone two operations

Table I - Clinical Result Related to Treatment, Presence of Left Iliac Vein Compression Syndrome
and Postoperative Doppler Ultrasonography

Treatment
Venous thrombectomy and
anticoagulants
Anticoagulants alone
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No. of
patients

Clinical results

No. with
abnormal
Doppler
scans

8
4
3

Excellent
Minor swelling, pain
Major swelling, pain

2
2
2

No. with left
iliac vein
compression
syndrome
1
3
?

for the development of varicose veins;
one operation included the ligation of
incompetent
communicating
veins
thought to be responsible for the ulcer.
All three of the patients in this group
required the constant use of supportive
stockings to control edema and all had
varicose eczema. In two, the findings
of Doppler venous flow study indicated
blockage of the superficial femoral vein;
in the third the findings were normal.
The contrast between patients who
underwent thrombectomy and those
who did not was impressive. In most
of the patients subjected to thrombec
tomy it was impossible to tell on super
ficial clinical examination which limb
had been operated on, whereas the stasis
dermatitis, gross edema and varicose
veins were very obvious in the nonoperated group.
Discussion
The principle of the re-establishment
of a normal venous channel in place
of one that has thrombosed is excellent
as long as there is no further throm
bosis and no valvular damage resulting
from extraction of the thrombus. In
venous thrombi that arise in the soleal
plexus and extend to the calf veins a
possible disadvantage of venous throm
bectomy is the apparent inability of the
technique to clear the small veins in
the calf adequately. This may lead to
disorganization of valve function fol
lowing thrombolysis and recanalization
leading subsequently to the develop
ment of varicose veins and varicose ul
cers in the legs. Indeed this concern
has prompted some workers6 to suggest
isolated perfusion of the femoral artery
with a solution of saline after thrombec
tomy is completed. They stated that
further clots were obtained in the
perfusate from the vein and that
the postoperative results were better
than without perfusion. However,
Brodelius, Lorinc and Nylander4 sug
gested that in women taking oral contra
ceptives the most usual site of origin
of venous thrombosis is in the iliac
veins. In our 12 patients, there has been
no clinical deterioration of valve func
tion in up to 8 years of postoperative
observation. Indeed, if the immediate
postoperative result was good, and it
was in most patients, the late result ap
peared to be equally good. The converse
was not true of those patients treated
conservatively in whom persistent symp
toms, particularly swelling and pain,
developed in spite of treatment. One
patient, a 27-year-old man who was
given anticoagulants within 24 hours of
the onset of thrombosis, has already
undergone two operations to ligate in
competent communicating veins and
remove painful superficial varices. This
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did not occur in any of the operated ment as no evidence of residual clot
patients. Eight of the 12 patients sub demonstrated by venography. In the 78
jected to thrombectomy obtained an patients who had complete clearance,
excellent result and considered that their the symptoms subsided. In their study,
legs were normal. Three of these pa 36 of the 78 patients had venography
tients had a measurable increase in cir from 2 to 14 years postoperatively and
cumference of the extremity but were the findings correlated well with the
unaware of this difference, and their clinical condition of the limb. In the
legs did not ache. Three of the remain group of patients with incomplete clear
ing four patients suffered slight aching ance of the venous segment (126 of 252
and more marked increase in girth; two thrombectomies) late venography in
of these three had abnormal findings dicated that further clearance of the
from Doppler ultrasonographic exam iliofemoral segment had occurred.
Smith’s9 comparison of 18 surgically
inations indicative of valve reflux and
three were found to have left iliac vein treated with 16 medically treated pa
compression at the time of operation tients suggested that iliofemoral throm
which was not corrected. In spite of bosis arose in the iliac veins in 60%
this, these patients are better than the of patients and that in these thrombec
small group of patients managed con tomy might be expected to give a better
servatively in terms of both symptoms, result than in those whose thrombus
and limb circumference. They did not involved the calf veins, from which it
require operative procedures to correct could not easily be extracted by the
usual surgical technique.
the postphlebitic syndrome.
With regard to the technical problems
Opinions in the literature remain
divided as to the value of venous throm associated with the operation, partic
bectomy. In the study of Lansing and ularly the risk of pulmonary embolism,
Davis,3 9 of the 39 patients died, but of Fogarty and Hallin10 recommended oc
the 17 survivors who were interviewed, clusion of the inferior vena cava by a
all but one had substantial edema and balloon catheter inserted by way of the
wore an elastic support 5 years after opposite femoral vein. They reported
operation. However, Lansing defined excellent results in 19 of 21 patients
early operative intervention as that car and only 3 of 17 patients followed for
ried out when clinical disease had been an average of 22 months had edema.
present for 1 week or less, which is con Gaylis11 suggested that a direct ap
siderably longer than the preoperative proach should be made to the termina
interval of the patients in our study. In tion of the left common iliac vein in
addition, wound hematoma or infection order to correct obstruction caused by
developed in one third of the patients in the iliac vein compression syndrome.
Lansing’s study but was seen only to In our patients the left iliac vein com
a minor degree in 3 of our 12 patients. pression syndrome, although tending to
None of our patients had pulmonary occur more commonly in those with
embolism and the long-term results were less satisfactory results, was not cor
rected. This suggests that thrombec
excellent.
Barner and colleagues7 surveyed the tomy may permit adequate collateral
results of 70 patients with iliofemoral vessels to develop across the pelvis and
venous thrombosis treated by throm also into the lumbar azygos veins. The
bectomy and stated that despite good operations of mobilizing the left iliac
clinical results, deep vein patency and artery and patching the left common
valve function were seldom restored. iliac vein, described by Cockett and
However, venography was performed Thomas,12 do not appear to have given
on only 17 of the 70 patients from 1 relief of symptoms.
It is hard to determine the long-term
week to 9 years after operation. There
were no excellent results in their series results of oral anticoagulant therapy
but 42 of the 73 patients had a good alone but our experience suggests that
result with minimal edema and no operation with adequate long-term anti
coagulation provides a useful alternative
need for additional support.
Mavor and Galloway8 surveyed 228 to conservative therapy. Thrombectomy
patients in whom 252 venous thrombec has fallen into disrepute largely as a
tomies were performed, and reported result of the study reported by Lansing
that 67% had phlegmasia caerulea and Davis,3 but we suggest that if the
dolens and 2 of the 228 had venous operation is carried out with careful
gangrene. These authors defined com attention to the technical details out
plete clearance of the iliofemoral seg lined in this paper including the p er
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formance of venography intraoperatively and postoperatively, the use of
anticoagulants for up to 6 months and
the avoidance of operation in patients
whose symptoms have been present for
48 hours or longer, an excellent result
may be anticipated, which will compare
favourably with that of conservative
management. It is important that oper
ation not be undertaken in patients
whose symptoms have been present for
longer than 48 hours because it is
likely that stasis in the leg will lead to
further thrombosis in the calf veins
which cannot be adequately cleared at
operation. It is these patients who may
expect a poor result following venous
thrombectomy.
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Anaerobic Mediastinitis and Septic Shock
Secondary to Esophageal Perforation
R. T urcot, md,* R.M. G agnon, md,
C. N oel , md ,* J. D elorme ,

frcp [c],*
md $ and

A.M. J oassin,
M. L oveland,

md , FRCs[c],f
md *

The authors report unusual complica
tions arising from the ingestion of
a small fish bone by a 68-year-old
man. These included mediastinitis,
empyema, pericarditis and septic shock,
probably secondary to a small per
foration of the esophagus. After
appropriate surgical drainage, anti
biotic therapy and supportive therapy
the patient made a good recovery.

sation in the retrosternal area but had hospital day, the patient’s condition was
no coughing, choking or vomiting. The improved, the blood pressure was normal
following day he complained of fever without the use of vasopressors. Three
and left pleuritic pain and was admitted blood cultures done 3 days before at
to a local hospital with a diagnosis of the local hospital grew anaerobic gram
pneumonia in the lower lobe of the left negative rods. Therefore clindamycin
lung. An esophagogram appeared nor (600 mg intravenously q6h) was added
mal. The patient was given penicillin G, to the treatment regimen. Fluid from the
followed by cephalothin but the fever left pleura grew a mixed flora: nonenpersisted and respiratory distress and dif terococcal group D streptococci, «-hefuse anterior chest pain increased. Two molytic streptococci, Eikenelle corrodens,
days later, he was intubated and trans two different types of anaerobic strepto
Les auteurs decrivent les complications
ferred to the medical intensive care cocci and a non-fragilis Bacteroides sp.
inhabituelles qui sont survenues chez
unit at Notre-Dame Hospital in Mont A nasogastric tube was placed for drain
real for the management of acute res age. On the fifth hospital day, the pa
un homme de 68 ans apres I'ingestion
piratory failure and shock.
tient was still febrile. Jaundice had been
d’une petite arete de poisson. Ces
On admission, the patient had severe present the previous day (conjugated bili
complications comprennent une
respiratory distress and was confused. rubin value 5.4 mg/dl [96.3 umol/l]).
mediastinite, un empyeme, une periHis temperature was 38°C and blood Despite the administration of digitalis,
cardite et un choc septique
pressure 80/50 mm Hg, and there were the atrial flutter recurred intermittently
probablement consecutifs a une petite
signs of dehydration. There was no sub and the electrocardiogram showed persis
perforation de I'oesophage. Apres un
cutaneous emphysema; the heart rate tent signs of pericarditis; serum enzyme
drainage chirurgical approprie, des
was 140 beats/min with decreased heart values did not indicate myocardial in
antibiotiques et un traitement d'appoint,
sounds; breath sounds were decreased farction. The heart sounds were de
le patient fit une bonne guerison.
over the entire left lung field. The leu creased but there was no pericardial fric
kocyte count was 22.5 x 10V1 with 90% tion rub and no evidence of tamponade.
M ediastinitis is usually the result of neutrophils; the measurement of blood An echocardiogram done at the bedside
traum a and esophageal perforation is gases indicated severe hypoxemia and gave a normal result. Because of the
a common cause.1'2 However, medias respiratory acidosis despite intubation possibility of purulent pericarditis, a peri
and ventilation with 50% oxygen. A cardiocentesis was attempted but was not
tinitis may follow dental abscess,3 up
chest roentgenogram revealed mediastinal successful. A pericardial window oper
per respiratory tract, pulmonary and widening, left pleural effusion and a
ation was then performed. On explora
subphrenic infections,4 and, more rare possible consolidation of the lower lobe tion the pericardium was found to be
ly, median sternotomy wound infec of the left lung but no evidence of a thickened and a small amount of serous
tion.5 In the past aerobic bacteria and
foreign body (Fig. 1). The electrocardio fluid was present in the pericardial ca
tubercle bacilli were usually involved, gram disclosed an atrial flutter with a vity but there was no evidence of a
but more recently mediastinitis sec rapid ventricular rate. A diagnosis of sep foreign body; a drain was left in place.
ondary to gram-negative anaerobic tic shock was made and a Swan-Ganz Culture of this fluid produced no or
bacteria has been described.4*5 We re catheter inserted. The mean pulmonary ganisms.
wedge pressure was 10 mm Hg, pulmo
port a case of mediastinitis due to
nary
artery pressure was 25/10 mm Hg,
anaerobic bacteria, empyema and peri
and cardiac output (measured by thermo
carditis after esophageal perforation dilution) was 6 1/min.
by a small fish bone in a previously
The atrial flutter was managed with
healthy man.
a direct-current shock. An electrocardio
gram
obtained
after
cardioversion
showed a regular sinus rhythm and signs
C ase R eport
of pericarditis. Steroids, albumin, genta
A 68-year-old man swallowed a small micin (100 mg q8h) and dopamine were
fish bone. He felt a slight burning sen- given intravenously and the patient re
ceived digitalis. Ampicillin (1 g intra
venously q4h) was added to the treat
ment because Hemophilus influenzae had
From the departments of medicine*
surgery t and microbiology, t Notrebeen cultured from sputum 3 days be
Dame Hospital, University of Montreal,
fore. A few hours later, through needle
Montreal, PQ
aspiration, 2000 ml of foul-smelling fluid
Reprint requests to: Dr. R.M. Gagnon, was removed from the left pleural cavity.
A left pleurostomy was performed short
Department of cardiology, Notre-Dame
F IG . 1— Chest roentgenogram on ad
Hospital, 1560 Sherbrooke St. E,
ly after. Bronchoscopic examination was mission shows mediastinal widening and
Montreal, PQ H2L 4K8
attempted without success. By the second
left pleural effusion.
382
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The mortality from esophageal per
foration is greater than 50% when
diagnosis and treatment are delayed.6
External trauma, instrumentation of
the esophagus and effort rupture
(Boerhaave’s syndrome) are the main
causes of esophageal perforation.7 In 
gestion of a foreign body is reported
in 3% to 7% of cases.6’7
In the present case, chest pain, fe
ver, massive empyema and medias
tinal widening after ingestion of a
small fish bone were strongly sugges
tive of an esophageal perforation and
mediastinitis.2’7 The left-sided empyema
suggested a perforation of the lower
third of the esophagus, which is ad
jacent to the left pleural space.1 The
presence of bacteria from the normal
oropharyngeal flora in the mediastinal
pus further supported this possibility
since a negative intrathoracic pressure
tends to encourage flow of esophageal
contents into the mediastinum.1 The
absence of a fistula on repeated esophagography suggested a small perfo
ration such as would be caused by a
small fish bone. Bozer, Saylam and
Ersoy8 reported a similar case in
which, at surgery, the fish bone was
found in the pericardium without evi
dence of esophageal perforation. In
more than 25% of cases, fish bones
cannot be visualized on a chest roent
genogram.9
Bacteroides sp. account for 10%
of cases of bacteremia, 30% of which
are complicated by septic shock.10’11
Fever, leukocytosis and hyperbiliru
binemia are common features.11 On
admission our patient was suffering
from shock due to sepsis, and hyper
bilirubinemia appeared 2 days later.
Blood cultures were positive while the
patient was on cephalothin corroborat
ing the results of the in vitro study of
Sutter and Finegold12 which showed re
duced activity of cephalothin against
anaerobic gram-negative rods. Three
blood cultures grew only Bacteroides sp.
although the left pleural fluid contained
at least six different species of bac
teria. This might be due to previous
administration of antibiotics. Even
though the majority of anaerobic
chest infections are polymicrobial,10’13
bacteremia due to Bacteroidaceae is
more common.10'14 Ampicillin and gen
tamicin were given empirically for
septic shock. Since ampicillin and pe
nicillin G show similar activity against
anaerobes12,13 they were continued un
til definitive identification was made
of the organisms in the blood. Clinda
mycin was added as soon as anaerobic

gram-negative rods were found in the
blood because early appropriate anti
microbial therapy greatly reduces the
mortality in septicemia due to Bacte
roides sp.10,11 All these antibiotics
were stopped when there was no evi
dence that enterocci, enterobacteria,
H. influenzae or Bacteroides fragilis
were involved on the infectious pro
cess, and penicillin G (4 million units
q4h) was given for 6 weeks as sug
gested by Bartlett and Finegold.13'15
Purulent pericarditis is a severe
complication of empyema and medias
tinitis.16 M ore rarely an esophageal
perforation may be the cause of peri
carditis,8,17 the pericardium being in
volved through an esophagopericardial
fistula or a secondary reaction to
the local infection.17 Boyle, Pearce and
G uze18 in an extensive review of puru
lent pericarditis found that 43% of
such cases are secondary to pleural or
pulmonary infections and that the peri
cardial effusion may be serous early
in the course of the infection and
become purulent later. This may ex
plain why the pericardial fluid was
serous and sterile in our patient. F u r
therm ore early antibiotic therapy may
have prevented the occurrence of pu
rulent pericarditis. However, the per
sistent fever with atrial flutter and
electrocardiographic findings compa
tible with pericarditis strongly sug
gested an infectious process involving
the pericardium .10 The absence of a
friction rub and a normal echocardio
gram do not rule out pericarditis.16
Although the cause of the pericardial
inflam m ation is not known, we suggest
that it was a direct extension of the
pleural infection as this is the usual
pattern in thoracic infections.18
Surgical drainage is the prim ary
therapeutic measure for purulent peri
carditis to prevent tamponade and
achieve m ore rapid control of the in
fection. Penicillin G is the drug of
choice for anaerobic pericarditis (ex
cept that due to B. fragilis) as it has
been shown to penetrate the pericar
dium .20
The morbidity and mortality from
purulent mediastinitis can be reduced
by early appropriate treatm ent. A de
quate drainage remains the corner
stone
of
such
treatm ent.4’11’12’14’21
Howell, Prinz and Pichleman4 recom 
mended drainage through a cervical
incision when there is evidence of in
fection of the superior mediastinum,
and left transpleural drainage when
the infection is below the level of the
fourth thoracic vertebra.
Supportive therapy includes appro
priate antibiotic therapy and hyper
alimentation, intubation and tracheos
tomy if necessary. The possibility of
pulm onary aspiration should be consi-
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On the seventh hospital day, in spite
of good left pleural drainage the me
diastinum remained widened. A left
thoracotomy was performed and a puru
lent collection found in the posterior
mediastinum. The mediastinum was bulg
ing and edematous. The mediastinal
pleura was thickened. On opening ap
proximately 100 ml of pus drained from
the mediastinal pleura. This pus grew
the same organisms already found in
fluid from the left pleura. One drain
was placed in the left lower pleural
cavity and another in the upper mediasti
num.
At this time, the gram-negative rods
found in the blood cultures were iden
tified as non-fragilis Bacteroides sp. Gen
tamicin, ampicillin and clindamycin were
replaced by penicillin G (4 million units
intravenously q4h). Although the patient
was improving he still needed the res
pirator. Another esophagogram was ob
tained and was normal. Intravenous hy
peralimentation was started. On the 18th
hospital day, a tracheostomy and a jejunostomy were performed simultaneous
ly to avoid prolonged intravenous hyper
alimentation with its risk of infection.
This also allowed postponement of oral
feeding until a better examination of the
esophagus could be made. The jaundice
had disappeared, the mediastinum was
decreasing in size and the temperature
had returned to normal. During the fol
lowing days two bronchoscopic examina
tion revealed only bronchial inflamma
tion. Bronchial secretions were removed
during these procedures. Another eso
phagogram done under better conditions
failed to demonstrate an esophageal fis
tula. In the sixth hospital week, the
tracheostomy was closed, progressive oral
feeding started and penicillin stopped.
Two months after admission the pa
tient was discharged from hospital. The
mediastinum was normal (Fig. 2). There
was a small amount of serous discharge
through a remaining drain in the left
lower pleural cavity. The electrocardio
gram was normal. The patient was eat
ing well and had gained weight. One

FIG. 2—Chest roentgenogram 1 month
after discharge. Mediastinum is of normal
size, there is minimal blunting of left
costophrenic angle and slight elevation
of right hemidiaphragm.

month after discharge the left pleural
drain was gradually removed and the
wound healed normally.
Discussion

dered because prolonged tracheostomy
and mediastinal infection may inter
fere with normal swallowing mecha
nisms.4 Thus, early oral feedings
should be avoided and hyperalimenta
tion through a jejunostomy should be
instituted, especially if an esophageal
perforation is suspected.
The management of esophageal per
foration depends on many factors, such
as the cause, the site, the time of
perforation and the underlying condi
tion. Most authors1'5’6,22'23 recommend
early surgical treatment. However,
conservative management as described
above can be employed when there is
no evidence of an esophageal tear on
the esophagogram6 or when the per
foration has occurred more than 12
hours before the diagnosis is made.2'23
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Effect of Cimetidine on Chronic Gastric Ulcers
Produced Experimentally in Rats
B.R. M acP herson,

The authors have studied the effects
of cimetidine on the healing of chronic
gastric ulcers induced in rats. Gastric
ulcers were produced by topical
application of 60% acetic acid to the
serosal surface of the lesser curvature
of the stomach. Oral administration
of cimetidine, 150 mg/kg daily, in two
divided doses for a maximum of 14
days failed to produce any significant
acceleration of healing.
Les auteurs ont etudie les effets de la
cimetidine sur la cicatrisation de
I'ulcere gastrique chronique, provoque
chez le rat. Les ulceres gastriques ont
ete produits par application locale
d’acide acetique a 60% sur la surface
sereuse de la petite courbure de
I’estomac. L’administration de cimetidine
par voie orale, a raison de 150 mg/kg
par jour en deux prises separees pour
un maximum de 14 jours, ne reussit
pas a accelerer la cicatrisation de
fagon significative.

The ability of cimetidine, a histamine
H.-receptor antagonist, strongly to in
hibit gastric secretion in man1 as well
as in various animal species2 has been
documented. Okabe and associates3
found that cimetidine substantially in
hibited the development of gastric
ulcers in rats and guinea pigs induced
experimentally by stress, acetylsalicylic acid, indomethacin, pyloric liga
tion or histamine. A number of inves
tigators4'7 have recently reported that
cimetidine accelerated healing of ac
tive gastric ulcers as well as duodenal
ulcers in man. To determine the effect
of this agent on the healing of gastric
and duodenal ulcers in dogs, Okabe
and associates8 induced ulcers with
acetic acid. They found that cimetidine
produced remarkably accelerated heal
ing of duodenal ulcers but exerted
little influence on gastric ulcers. In

ph d and

Reprint requests to: Dr. S.K. Kilam,
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this paper we study the effect of oral
ly administered cimetidine on the heal
ing of chronic gastric ulcers induced
in rats.
M ethod

We used the acetic acid ulcer model
described by Okabe and Pfeiffer9
and Okabe, Roth and Pfeiffer10 in
male Sprague-Dawley rats weighing
200 to 250 g. The stomach was ex
posed through a midline epigastric
incision. Once the stomach was ex
teriorized a round metal mould, 7.5
mm in diameter, was tightly placed
on the lesser curvature. Acetic acid
(60%, 0.7 ml) was poured into
the mould and allowed to remain
on the gastric wall for 60 seconds.
Excess solution was removed and the
surface of the treated area washed
with physiologic saline solution. The
abdomen was closed and the animal
caged and fed with Rodent Laboratory
Chow No. 5001 (Ralston Purina of
Canada Ltd., Woodstock, Ont.) and
water ad libitum. Five days after the
application of the acid the animals
were given cimetidine (Tagamet®) 150
mg/kg body weight daily. The drug
was administered in two divided doses
in 0.5-ml aliquots (at 10:00 and 18:00
each day), by mouth through a stom
ach tube. Control animals received
0.5 ml of physiologic saline solution.
Sampling was conducted at 7 and 14
days following the initiation of drug
treatment. The stomach was excised,

opened along its greater curvature,
washed in normal saline and then im
mersed in Bouin’s solution. The ul
cerated area (mm2) was measured un
der the dissecting microscope (10 X)
with a square grid which was used
as an ulcer index. Student’s Mest was
employed to determine statistical sig
nificance.
Results

No unfavourable side effects except
for perineal soiling in two animals were
observed in the rats treated with cime
tidine. Table I shows the lack of sig
nificant effect of cimetidine on the
healing of the gastric ulcerations, as
assessed by simple calculation of the
surface area of the ulcerations (mm2).
Both control and cimetidine-treated
rats exhibited well-defined gastric ul
cers. Fig. 1 illustrates the pattern of
ulcer healing in both groups. The
gross appearance of these lesions is
shown in Fig. 2. Histologic examina
tion of the tissues revealed an ulcer
base consisting of a thick plug of or
ganizing granulation tissue. Little ne
crotic debris was associated with the
surface of the ulcer base. The edges
of the lesion were sharply demarcated
and did not display mucosal infolding
but exhibited gross dilatation and dis
tortion of the crypts in this region.
Regeneration of surface epithelium
across the ulcer base was not evident
except in one animal treated with cime
tidine (Fig. 3).

Table 1—Effect of Cimetidine on Healing of Chronic Gastric Ulcers in Rats
Ulcer index (mm2)
Duration, d
after ulcer induced

Treatment

No. of rats

Mean

SEM

11

80.60

1.8

Significance

5

Control

12*

Control

12

24.50

21

1
1

Cimetidine
Control

34
12

37.15
18.26

2.6
1.6

j

Cimetidine

36

17.41

1.4

J

19f

From the departments of anatomy
and surgery, University of Alberta,
Edmonton, Alta.

S.K. Kilam ,

> Not significant

1
\

Not significant

*7 d on cimetidine.
14 d on cimetidine.
SEM = standard error of mean.
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Discussion

all cases. Other studies by the same
group11 also revealed a healing effect
Okabe and associates3 reported the of orally administered cimetidine on
inhibitory effect exhibited by cimeti- gastric ulcers induced with acetic acid.
dine administered orally, intraduode- These lesions were termed “chronic”
nally or intraperitoneally, on the expe even though the administration of
rimental induction of gastric ulcers cimetidine was initiated 1 day after
by stress, aspirin, indomethacin or his application of acetic acid to the sub
tamine. These experiments were con mucosa. Okabe, Roth and Pfeiffer10
ducted over a 7-hour period; the de had earlier stated, during the de
velopment of lesions was inhibited in velopment of the acetic acid ulcer
model, that with serosal application
of the acid, deep sharply defined ul
cerations were not attained until 3 to
5 days following administration of the
acid. It is this stage of ulceration that
bears histologic similarities to chronic
gastric ulceration in humans. There
fore, in our study the induced lesions
were permitted to mature into full
scale chronic ulcerations comparable
to those most often observed in clinical
cases.
In contrast to the results obtained
by Okabe and associates11 in experi
ments with this ulcer in rats, the ad
ministration of cimetidine did not sig
nificantly accelerate healing in chronic
TIM E - d
gastric ulcers in our study. Our results,
FIG. 1— Ulcer healing in rats treated
however, do coincide with those re
with cimetidine and in control animals.
ported by the same authors8 who also
found that cimetidine failed to ac
celerate significantly the healing of
chronic acetic acid-induced gastric ul
cers in dogs. Cimetidine was again
administered 1 day after application
of the acid to the gastric serosa.
Chronic duodenal ulcers simultaneous
ly induced in these animals exhibited
a significant (P < 0.001) increase in
healing rate when cimetidine was ad
ministered. Okabe and colleagues11
were unable to explain this phenome
non.
The explanation for the lack of ef
fect by cimetidine on chronic gastric
ulcers is unclear. Okabe and associa
FIG. 2— Gross appearance of ulcer in
animal treated with cimetidine.
tes11 have shown that 50 mg/kg of

cimetidine administered duodenally
markedly inhibited gastric secretion in
rats whose pylorus had been ligated.
Brimblecombe and associates2 stated
that 1.5 mg/kg was the estimated me
dian effective intraduodenal dose re
quired to inhibit stimulated gastric
acid secretion in anesthetized rats.
They used doses up to 950 mg/kg and
observed few side effects except for
perineal soiling in animals receiving
high doses. Two of the rats in our
experiments exhibited this side effect
12 days into the 14-day experiment.
Enhanced ulcer healing as a result of
cimetidine therapy has been attributed
to suppression of gastric secretion.11
Cimetidine, however, inhibits ulcera
tion induced by anti-inflammatory
agents such as acetylsalicylic acid and
indomethacin while the acidity and
volume of gastric contents remain un
altered from normal values. Therefore,
factors other than prevention by block
ing acid back-diffusion are at work.
Pounder and associates4 claimed that
a 6-week course of cimetidine facili
tated the healing of human gastric
ulcers. Other investigators conducting
multicentre trials with cimetidine in
the treatment of benign gastric ulcers
have suggested its effect is equivalent
to taking large amounts of antacids,12'13
while some7 claim it is more effective
than either antacids or carbenoxolone.
There has been at least one instance
of perforation of gastric ulcers, in a
patient who completed a 4-week course
of cimetidine.14 These considerations,
coupled with the documented inef
fectiveness of cimetidine on chronic
gastric ulcers in experimental animals,
suggest the need for further investiga
tion into the actions of cimetidine on
gastric ulcers.
We acknowledge the technical assist
ance of Ms. Cynthia Long in all aspects
of this study as well as the financial
support of the faculty of medicine, Uni
versity of Alberta, through their medical
research fund.
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FIG. 3—Regeneration of surface epithelium across ulcer base. Periphery of
untreated ulcer is shown in (A), while (B) is representative of ulcers treated with
cimetidine orally for 14 days after establishment of chronic lesion (hematoxylin and
eosin, reduced by 22% from X55).
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Diarrhea and Medullary Carcinoma
of the Thyroid
J. G uy,
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A 34-year-old woman had a 5-year
history of slowly progressive watery diar
rhea but no weight loss. There were no
abnormal findings on physical examina
tion apart from noticeable borborygmi.
Radiologic examination of the gastroin
testinal tract disclosed no abnormality
although the transit time was short. Biop
sy of the small bowel indicated that the
bowel was normal but stool volume was
increased (up to 2 1/d); there was no
steatorrhea. Normal results were obtained
for hematologic values, serum electrolyte
concentrations, liver and thyroid func
tion and fasting serum gastrin. Urinary
vanillylmandelic acid and 5-hydroxyindole acetic acid excretion were normal
and thyroid scans were negative.

The patient was also investigated for
infertility and, prior to uterine myomec
tomy, a chest film disclosed a lesion
measuring l x
1-5 cm in the middle
lobe of the right lung not noted on ra
diologic examination 4 years before. A
lung needle biopsy did not yield a diag
nosis. At myomectomy no abnormality
was detected in the gastrointestinal tract.
Subsequently a limited right thoracotomy
was performed and a pedunculated le
sion was removed from the periphery of
the right middle lobe.
The initial pathological diagnosis was
a carcinoid tumour.
Postoperatively the patient continued
to have diarrhea. Further investigations
showed a normal liver on scanning, and
a flush aortogram and selective upper
gastrointestinal
arteriography
showed
nothing abnormal. Serum motilin, human
pancreatic polypeptide and gastric inhi
bitory peptide concentrations were essen
tially normal but the thyrocalcitonin val
ue was 39 180 pg/ml (normal, less than
50 pg/ml). Repeat thyroid scans were
obtained which demonstrated no abnor
mality and the thyroid was clinically
normal. A small lymph node, however,
was now felt in the left anterior triangle.
At operation a frozen section of the
lymph node in the neck showed meta
static medullary carcinoma. A total thyroi
dectomy, modified radical neck dissection
and mediastinal dissection including
thymectomy were performed. All ma
terial removed from the left side of
the neck and mediastinum showed me
tastatic medullary carcinoma. A primary
lesion measuring approximately 5 x 8
mm was found in the upper part of the
left lobe of the thyroid. Subsequent re
view of the lesion removed from the
right lung showed it to be consistent
with metastatic medullary carcinoma.
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The authors present the case of a
34-year-old woman with disseminated
medullary carcinoma of the thyroid to
emphasize the value of calcitonin
assay in the diagnosis of this condition
despite the absence of a thyroid mass
and negative scans. An increased
concentration of serum carcinoembryonic antigen was confirmed.
The diarrhea associated with the
disease did not respond to
indomethacin in this patient suggesting
that in some cases of medullary
carcinoma diarrhea is not due to
excessive production of prostaglandins.
Les auteurs decrivent le cas d’une
femme de 34 ans ayant un carcinome
medullaire dissemine de la thyroi'de,
dans le but de souligner I'interet du
dosage de la calcitonine dans le
diagnostic de cette maladie, malgre
I'absence d'une masse thyroi'dienne et
les resultats negatifs des examens
echographiques chez cette patiente. Une
augmentation de la concentration
serique de I’antigene carcinoembryonnaire a ete confirme. La diarrhee
associee a cette maladie ne repondit
pas, chez cette patiente, a I'indomethacine, indiquant que dans certains
cas de carcinome medullaire, la diarrhee
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n'est pas due a une production
exageree de prostaglandines.

Medullary carcinoma of the thyroid
was first described as such by Hazard,
Hawk and Crile1 in 1959. The apudoma and its cells of origin, the parafol
licular cells of the thyroid, synthesize
calcitonin. The tumour, which is rela
tively rare, accounting for only 5%
to 8% of malignant lesions of the
thyroid, occurs either sporadically or
as a familial form either in kindred
suffering from medullary carcinom a
or as part of the multiple endocrine
neoplasia syndrome, type 2. A recent
review by Hazard2 summarizes current
knowledge of this tumour and its cells
of origin.
The present case, which appears to
be of the sporadic type, illustrates
several interesting features of medul
lary carcinoma of the thyroid.
Case R eport

The patient made a good recovery
from the operation with only transient
recurrent laryngeal nerve paresis and
hypocalcemia. There is no clinical or ra
diologic evidence of recurrence but cal
citonin values are greater than 10 000
pg/ml and the carcinoembryonic antigen
(CEA) concentration is 80 ng/ml (normal
< 2.5 ng/ml). The diarrhea has persisted
but some symptomatic relief is obtained
with loperamide. The effects of lopera
mide, indomethacin (a prostaglandin in
hibitor) and propranolol (an adenylate
cyclase inhibitor) on stool volume are
illustrated in Fig. 1. Members of the
patient’s close family have been screened
for medullary carcinoma and C-cell hy
perplasia by pentagastrin-stimulated serum
calcitonin assays; all tests have given
negative results.

FIG. 1— Effects of loperamide (4
mg/d), propranolol (30 mg lid) and indo
methacin (25 mg tid) on stool weight.

Carcinoembryonic antigen is poten
tially useful in the diagnosis and man
agement of medullary carcinoma of the
thyroid.7 This tumour actively produces
CEA and high concentrations are
found in the serum of patients with
the tumour. In general CEA concen
trations are not raised in other malig
nant lesions of the thyroid. In our
patient increased serum calcitonin and
CEA values postoperatively indicate
the presence of residual tumour.
Diarrhea is estimated to occur in
30% of patients with medullary car
cinoma of the thyroid.8 Reduced in
testinal transit time is generally a fea
ture and malabsorption is reported in
some cases. A humoral cause is likely
but no single causative agent has been
identified. However, calcitonin, which
stimulates jejunal secretion of water
and electrolytes,9 is a favoured candi
date. Since these tumours are known
to contain and secrete considerable
amounts of prostaglandins and since
various prostaglandins
have
been
shown to increase intestinal motility
and decrease intestinal transit time in
m an and also to induce water and
electrolyte secretion by the intestine,10
the participation of prostaglandins in
the diarrhea of medullary carcinoma
of the thyroid has been proposed. In
other endocrine tumours prostaglan
dins may also cause a watery diarrhea;
for example, in a well-documented
pancreatic endocrine tumour Jaffe
and associates11 demonstrated large
amounts of prostaglandin E in the
tum our and circulation, and treatment
with indomethacin reduced serum
prostaglandin concentrations and abol
ished the diarrhea. The lack of res
ponse in our patient to indomethacin
treatment suggests either that prosta
glandins were not the major factor
in her diarrhea or that prostaglandin
synthetase in this tum our was insensi
tive to indomethacin.
Cyclic AMP plays an important role
in certain types of secretory diarrhea.
Recently bile acids have been shown
to stimulate colonic secretion of water
and electrolytes in animals through
stimulation of cyclic AM P production
by adenylate cyclase.12'13 Propranolol
blocks this effect in the rabbit colon
by inhibiting adenylate cyclase.14 In
human colonic mucosa, in vitro, pro
pranolol blocks bile acid and fatty
acid stimulation of cyclic AM P.15 To
test whether the intestinal mucosal
adenylate cyclase-cyclic AM P system
is implicated in the diarrhea of medul
lary carcinoma of the thyroid we tested
propranolol as a therapeutic agent in
our patient; in the doses we chose,
however, no benefit was derived.
Diarrhea in medullary carcinoma re
mains an enigma. If humoral agents
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Discussion
Calcitonin assay is highly specific
in the diagnosis of medullary carcino
ma of the thyroid.3 Basal and penta
gastrin-stimulated serum concentra
tions4 allow the diagnosis to be made
even in the presence of clinically oc
cult disease. Chronic diarrhea, a very
high serum calcitonin concentration
and no demonstrable gastrointestinal
disease led to a preoperative diagnosis
in this patient, despite the absence of
a thyroid mass or abnormality on
thyroid scanning. Melvin, Miller and
Tashjian5 have also reported the pre
operative diagnosis of medullary car
cinoma of the thyroid on the findings
of calcitonin assay alone. As Raynor
and Sowden6 stated, the value of this
assay lies not in screening all thyroid
nodules, when the yield would be low,
but in situations where suspicion of
medullary carcinoma of the thyroid is
high, which would include instances
of putative endocrine diarrheas.

are responsible only a few patients
with the disease produce enough of
these substances to cause diarrhea and
different agents may be responsible
for the diarrhea in each individual.
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CORRESPONDENCE

Bilateral Patellar Tendon
Rupture Associated with
Chronic Glomerulonephritis
To the coeditors: To our knowledge
traumatic rupture of the patellar tendon
bilaterally associated with glomerulo
nephritis has never been reported. We
recently encountered a patient with
this condition and report the case
below.
Case Report
A 21-year-old man suffering from pro
gressive renal failure, hyperuricacidemia
and secondary hyperparathyroidism due
to chronic glomerulonephritis stumbled
from a curb side experiencing severe pain
in both knees. In the emergency room the
patient was unable to extend his knees
actively. A lateral roentgenogram (Fig. 1)
showed substantial proximal migration of
the patellas with massive soft tissue
swelling and effusion. Results of of labo
ratory studies showed a serum creatinine
value of 13.5 mg/dl (1193 y.mol/1) and
a blood urea nitrogen value of 193 mg/dl
(68.9 urea, mmol/1).
At exploration the patellar tendon was
avulsed from the inferior pole of the
patella bilaterally. Repair was accom
plished by placing a transverse drill hole
through the patella and reconstituting the
patellar tendon complex as shown in

FIG. 1—Lateral roentgenogram of left
knee obtained preoperatively shows sig
nificant proximal migration of patella
with soft tissue swelling and effusion.

Fig. 2. The knee was splinted in extension
and active non-weight-bearing exercise
carried out for 12 weeks after which
graduated weight bearing was allowed.
Eleven months after operation the pa
tient had 135° of flexion in both knees,
and a 5° extension loss on the right. He
was ambulatory, did not use walking aids
and was attending university.
Failure of the quadriceps tendon has
been reported in association with
numerous degenerative and connective
tissue diseases,1'9 but avulsion of the
patellar tendon from the patella has
not been described. Our experience
with this patient indicates that prompt
surgical repair of such a condition gives
an excellent functional result.
G .N.F. H ugh es , m d , frc s [c]
J.A. H arder , b sc , m d

4. W ilson JN: Bilateral rupture of rec
tus femoris tendons in chronic neph
ritis. Br Med J 1: 1402, 1957
5. L evy M, Seelenfreund M, M aor P,
et al: Bilateral spontaneous and
simultaneous rupture of the quadri
ceps tendons in gout. J Bone Joint
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6. P reston FS, A dicoff A: Hyperpara
thyroidism with avulsion of three
major tendons. Report of a case.
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7. R ascher J, M arcolin L, J ames P:
Bilateral sequential rupture of the
patellar tendon in systemic lupus
erythematosus. A case report. J Bone
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8. W ener JA, Schein AJ: Simultaneous
bilateral rupture of the patellar tendon
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Canadian Association of
Emergency Physicians
To the coeditors: I have read with
interest the editorial on the Canadian
Association of Emergency Physicians
(Can J Surg 22: 6, 1979) and I am
delighted to support the goals of this
new association. I have been involved
in the operations of a pediatric em er
gency department almost all my w ork
ing life and I have been concerned
recently at the number of very com 
petent students and interns who have
come to me for advice about a future
in emergency medicine either for a
short or long term. I do not like to
send them to the United States where
emergency medicine is quite different
from Canadian practice, and ours, I
believe, is well organized in m any hos
pitals, but has not, until now, been
coordinated with common goals across
Canada.
I would like, personally, to be in
volved in this association but I do
believe that small emergency depart
ment operations like ours, which com 
prises four casualty officers who work
12-hour shifts, should be allowed to
participate as a unit rather than as
individual members.
E.S. H illman , md
Director of ambulatory education,
Janeway Child Health Centre,
St. John’s, Nfld.
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BOOK REVIEWS

A DV AN CES IN SURGERY. Volume 11
1977. Edited by Charles Rob, James D.
Hardy, George L. Jordan, Jr., and
others. 415 pp. Illust. Year Book M e
dical Publishers, Inc., Chicago, 1977.
Price not stated. ISBN 0-8151-7365-2.

The format of this volume is similar to
previous editions in that the text presents
an in-depth discussion of 6 to 10 areas
of surgical interest. Each presentation is
an independent, detailed essay on salient
surgical topics written by experts well
recognized in their respective fields. The
information presented far exceeds that
found in standard texts or review articles.
Moreover, several topics presented are
not to be found in the surgical literature
to which a practising surgeon is normally
exposed.
The first chapter on hyperalimentation
is by Dr. J. Fischer, director of one
of the busiest hyperalimentation units in
the United States. This superb summary
of the subject is followed by Professor
Goligher’s brief but well-written discus
sion of inflammatory bowel disease. The
next three chapters deal with monitoring
devices in critically ill surgical patients,
problems with postoperative drug therapy
and the respiratory distress syndrome.
With increasing emphasis on specializa
tion in intensive care medicine, practising
physicians rapidly become deficient in
their knowledge of terminology and
methodology. Fragmentation of medical
care is not uncommon when the surgeon
has one or more patients in the intensive
care unit and it behooves the responsible
surgeon to function as a quarter-back and
organizer. These three excellent chapters
provide a ready reference source.
Included in the text is a review of
abdominal ultrasonography as it applies
to surgical patients. While there have
been many recent reviews of this subject,
most have dealt with specific areas of
the body. The chapter in this volume
seems to collate all the recent advances
in ultrasonography.
Dr. Cranley contributes a short chapter
on all aspects of arterial embolism which
succinctly reviews this timely topic.
Microsurgery is a relatively new sur
gical subspecialty and many advances
have been made in the past 5 to 10 years.
These advances are adroitly reviewed by
Drs. Daniel and Swartz, and the applica
tion of microsurgery to various other
surgical specialties is appropriately out
lined.
The short chapter on injuries to meta
carpal bone joints seems to be somewhat
out of place.
The text concludes with a section on
adjuvant oncotherapy as it relates to the
treatment of occult micrometastases. This
390

important chapter tackles the issue of
when to treat cancer patients who have
not demonstrated gross persistent or re
current tumour but in whom there is a
high probability of microscopic metastases.
In summary, this volume displays the
same high quality presented in previous
volumes. It is a unique text covering
a wide range of surgical and surgically
related problems with no particular
planned format. The purpose of the book
is to discuss topics and the format is
not restricted by the necessity of moving
inexorably from the top to the bottom
of the body.
Finally, with the current vogue for
multiple - authored texts 1 particularly
appreciated an in-depth discussion by a
single author. I would recommend this
book to any surgeon or surgical resident.
J oel B. F reeman,

md, cm , frcs [c]

Chief, department of surgery,
Ottawa General Hospital,
Ottawa, Ont.

DAS TYPISCHE RONTGENBILD DES
SKELETTES.
Standardbefunde
und
Varietaten voin Erwachsenen und Kind
fiir Arzte, Studenten und RadiologieAssistenten. Rudolf Birkner. 566 pp.
Illust. Urban & Schwarzenberg, Munchen, 1977. Price not stated, ISBN
3-541-07811-1.

The author states that this book is written
for the practising physician, medical stu
dent and radiology technician. My overall
impression is that the scope of the book
is too far-reaching, that too many topics
are included and that the true variations
from the normal are not adequately cov
ered. Often the author digresses into true
pathology or into specialized problems
or procedures. In many instances the la
belling of structures is poorly done or
is ambiguous so that it is not clear which
structure is referred to. The knowledge
able radiologist can clarify these prob
lems, but the beginner and the roentgenographer will have difficulty.
Radiation protection is mentioned ini
tially in a general chapter on the tech
nical aspects of radiologic science. The
legal aspects of radiation protection are
elaborated but no meaningful discussion
on the importance of this subject is given.
The responsibility of the referring physi
cian or the roentgenographer to reduce
radiation to a minimum is not stressed
and methods to reduce radiation exposure
to the patient are not mentioned at all.
I did not see any mention of gonadal
shielding or collimation in this context.
The text is divided into two main sec

tions: the adult and the infantile skele
tons. The chapter on the adult skull is dis
appointing. Technical notes on skull ro
entgenography are somewhat nebulous.
The cantomeatal line is not mentioned.
The first roentgenogram of the skull (page
33) demonstrates one of the errors in
labelling: the zygomatic process of the
frontal bone has been called “processus
zygomaticus ossis temporalis”. The inter
nal acoustic meatus (page 34) is well
demonstrated but is not labelled.
Throughout the book German and Latin
nomenclature are used interchangeably
and one structure may be labelled with
either name on different pages which is
distracting for the reader. Tomography
of the skull, particularly of the petrous
bone, is well demonstrated. The anatomy
in relation to radiologic projections is
well described.
When discussing the spinal column the
author digresses into frankly pathologic
areas showing roentgenograms of frac
tures, extensive spina bifida with and
without meningocele, late changes of
Scheuermann's disease and degenerative
changes. Superb lateral views of the dor
sal spine are shown taken with the breath
ing technique. However, the technical
aspects are only alluded to, not explained.
In discussing the extremities, again the
author has included some truly pathologic
films, such as those showing fracture of
the tibia. Arthrography of the knee is
discussed with excellent roentgenograms.
Even the technique of knee paracentesis
is mentioned.
The section on the growing skeleton
begins with a discussion of dwarfism, its
types, causes and pathology, and includes
an excellent table, but no roentgenograms
are supplied. Osteoporotic conditions of
the bones are discussed and well tabulat
ed. So-called growth lines of long bones
are discussed in detail but again no
roentgenograms are provided. In the dis
cussion of the growing skull the copperbeaten appearance is mentioned but the
only example is of true oxycephaly, which
is demonstrated to show changes due to
premature closure of sutures. Extensive
tables of maturation of hands and wrist
are given in the section on the growth
rate of the upper extremities, followed
by 25 roentgenograms. This merely hints
at the possibilities of more exact boneage determination. The measurements of
hip joints are well presented with some
line drawings of congenital hip deformi
ties. The book concludes with an exten
sive listing of the pertinent literature and
provides approximately 1000 references.
The subject index is also complete.
The book is extremely well presented.
The paper and the reproductions are of
excellent quality. However, the roent
genograms are reproduced as positive
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prints which may be somewhat distracting
to the North American reader.
The scope of the book has been ex
tended beyond its stated purpose and
beyond the capacity of the reader for
whom it was written. It is a hybrid of
a radiologic-anatomical atlas, a physi
cian’s reference work and a technician’s
guide. Unfortunately it serves none of
these purposes well.
H.J.A. C ranz,

md , frcp [c]

Diagnostic radiology,
Misericordia Hospital,
Edmonton, Alta.

DISORDERS OF THE PATELLO-FEMORAL JOINT. R. Paul Ficat and Da
vid S. Hungerford. 249 pp. Illust. The
Williams & Wilkins Company, Balti
more; Burns & MacEachcrn Limited,
Don Mills, 1977. $30.95. ISBN 68303200-3.

Diseases of the patellofemoral articula
tion and their treatment have long been
an enigma to the orthopedic surgeon. No
other joint produces such a large variety
of symptoms that ultimately result in
disability and deformity. And yet a lack
of understanding of the disease processes
that afflict this joint, coupled with a per
sistent search for better artificial replace
ment, has led to the inevitable cul-desac that characterizes the treatment of
symptoms rather than of the disease.
In their book Ficat and Hungerford have
collated the existing knowledge on dis
orders of the patellofemoral joint and have
presented their ideas on this subject. What
they have produced is a fine treatise
worthy of careful examination. In chap
ter 2 the authors precisely describe the
biomechanics of the patellofemoral joint
without falling into the common trap
of extrapolating laws based on statics,
which are often ill-applied to forces act
ing on a joint in motion. The chapter
on radiologic features discusses at length
the standard roentgenographic examina
tion required for correct assessment of
the problem. Far too often the practi
tioner is denied a diagnosis because the
series of films he has ordered are inade
quate. The authors stress the need to in
clude standard axial views in 30°, 60°
and 90° of flexion with both knees being
projected simultaneously. Specific meas
urements can be taken from a full series
of roentgenograms and these are well
described in the text. For example, in
determining patella alta, Blumensaat’s
line is correctly labelled as inaccurate.
Instead, a much better indicator of pa
tella alta is Jacobson’s ratio of patellar
tendon length to the greatest diagonal
length of the patella.
Another of the book’s highlights is the
authors’ views on the excessive lateral
pressure syndrome (ELPS). It is described
as “a syndrome in which the patella is
well centered in the trochlear sulcus and
stable, but in which there is functional
lateralization on to a physiologically and
often anatomically predominant lateral
facet”. Several roentgenograms are pro
vided as examples of this problem. How

ever, careful examination of some of
the roentgenograms reveals an abnormal
lateral patellofemoral angle which is com
monly seen in patients with subluxation
of the patella. This, of course, would
not be in keeping with the concept of
ELPS. My personal thought on this mat
ter is that ELPS is that entity on the
stable end of the spectrum leading from
normal patellar articulation to recurrent
patellar subluxation and dislocation.
One important omission has been made
in this work rendering it incomplete.
Throughout the text reference is repeated
ly made to the pathologic processes af
flicting the patellofemoral joint and yet
not once is arthroscopy mentioned. There
is no doubt that many innocent menisci
have found themselves brutally and un
justly evicted from a painful joint; the
authors make this point clearly. However,
I cannot agree that the diagnosis of chon
dromalacia, for example, can only be
made at arthrotomy. What a marvellous
and complete work this book would have
been if each and every syndrome or pa
thologic entity had been reinforced by the
authors’ personal arthroscopic examina
tions.
The final chapter dealing with a hypo
thesis on chondrosis and arthrosis, which
should be read by all persons concerned
with these problems, begins by stating:
“The progress of science always depends
upon our questioning the plausible, the
respectfully accepted, and the seemingly
self-evident.” There is no question that
the authors have adhered to this principle
in preparing their text.
R.B. D zioba ,

md

Department of orthopedic surgery,
Toronto Western Hospital,
Toronto, Ont.

HOSPITAL-ACQUIRED INFECTIONS
IN SURGERY. Edited by Hiram C.
Polk, Jr. and H. Harlan Stone. 158 pp.
Illust. University Park Press, Baltimore,
1977. $16.50. ISBN 0-8391-1102-9.

The editors prepared this monograph
with lofty goals in mind. They wanted
to remind readers that microbial infec
tions in the surgical patient are not infre
quent; they wished to explain the potent
action of antimicrobial agents and teach
methods of enhancing the existing host
defense mechanisms. Such all-embracing
goals are difficult to achieve in a single
monograph.
The pathogenesis of surgical infections
is not well understood and most discus
sions of the subject are simply a descrip
tion of predisposing factors. Much of the
content of the monograph is just this. In
addition the editors have included a great
deal of anecdotal material and cliches;
many statements are not properly refer
enced. It is reasonable to expect helpful
suggestions and the reader finds himself
anticipating suggestions to decrease the
incidence of postoperative infection, but
these are rarely forthcoming.
There are, however, some well-written
and useful chapters. The editors have in
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cluded one dealing with wound infections
and another on the prophylactic use of
antibiotics; both offer concrete sugges
tions and are appropriately referenced. The
chapter on Candida sepsis is very provoca
tive while others, such as those on the
internist’s view of surgical sepsis and
anaerobic infection, impart little useful
information. Moreover, the chapter on
drug distribution studies is irrelevant. In
the question and answer section at the
end of the book the editors raise points
discussed in the text, which makes for
a good review.
This monograph can be read in a few
hours. Although the book contains no
new information, it may help to crystal
lize and organize the reader’s factual
knowledge about surgical infections.
J ack M endelson,

md , frcp [c]

Division of microbiology and infectious
diseases,
Jewish General Hospital,
Montreal, PQ

NUTRITIONAL ASPECTS OF CARE
IN THE CRITICALLY ILL. Edited
by J.R. Richards and J.M. Kinney.
668 pp. Illust. Churchill Livingstone,
Edinburgh; Longman Canada Limited,
Don Mills, 1977. $38.50. ISBN 0-44301578-3.

This book is a record of the proceedings
of a conference organized by the depart
ment of surgery, Glasgow Royal Infir
mary. It contains material presented by
50 leading authorities and investigators
in the fields of metabolism in severe
injury and infection.
The first section discusses the physio
logic background to metabolism in in
jury and is introduced by S.M. Levenson’s
comprehensive review on the physiologic
events associated with starvation. There
is an excellent historical review of the
data pertaining to starvation. Adaptations
of metabolism to severe restrictions of
exogenous intake of protein and calories
are described, forming a basis for com
parison with the metabolic events occur
ring in response to severe injury and
bacterial infection.
John Kinney reviews the events as
sociated with the ebb and flow phases
after severe injury. Most of the research
that has been conducted during the ebb
or shock phase has been toward tissue
perfusion and vital organ function.
Kinney reviews the available data on
energy metabolism, and changes in pro
tein, carbohydrate and fat metabolism
that take place immediately after a severe
injury.
Those aspects of the metabolic response
that are specifically related to infectious
disease and the data available on protein
turnover injury are discussed by Ro
bert W. Wannemacher. There is a chap
ter on the maintenance of electrolyte
gradients of concentration across cell
membranes.
A review from the University of Dun
dee describes attempts to quantitate the
loss of exercise tolerance after surgery
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and the rate of recovery during conva
lescence.
Blackburn, in a section on the nutri
tional approach to care of the cri
tically ill, again presents the rationale
for using isotonic amino acid solutions
with electrolytes to influence nitrogen
metabolism after surgical injury and to
spare tissue protein. This somewhat con
troversial section presents the data of
those who favour glucose as the primary
calorie source. The data demonstrate that
glucose is the ideal calorie source for
the critically ill or severely injured, re
sulting in maximal protein conservation.
The possible additional advantage of
exogenous insulin is discussed by A.M.J.
Woolfson. Arvid Wretlind describes the
approach to complete intravenous nutri
tion with amino acids, glucose and lipids
that is currently used at the Karolinska
Institute in Stockholm.
The Swedish investigators also present
data on the intracellular concentrations
of amino acids and identify abnormal
amino acid patterns in the post-traumatic
phase which may be critical for optimal
resynthesis of muscle protein.
In a section on nutritional support in
individuals with organ failure, a group
from the Western Infirmary in Glasgow
discuss aspects of respiratory failure and
attempt to present the features of nutri
tional management that may also in
fluence respiratory function. One infor
mative chapter describes the effects of
extensive intestinal resection and the
means by which these patients may be
sustained. The difficult problem of nu
tritional support for the patient in he
patic failure is reviewed by Josef Fischer
who presents the data on amino acid me
tabolism and plasma amino acid concen
trations in patients with hepatic ence
phalopathy also receiving parenteral
amino acid solutions. More specific prob
lems associated with support of a patient
with fulminating hepatic failure are
presented from the liver unit at King’s
College Hospital in London. Excellent
information on nutritional support of pa
tients in renal failure is also provided
from the Metabolic Research Laboratory
in Stockholm. The relationship between
nutrition and the incidence and growth
of malignant tumours is also explored,
as is the effect of varying substrate avail
ability on the growth of experimental
neoplasms.
Completing the book are excellent re
views of the relationship between nutri
tional status and host defence against
infection, and the specific problems posed
by the severely burned patient.
Because this book is a compilation of
papers presented at a conference there is
considerable duplication and omission of
important aspects of nutritional support.
Some presentations dealing with highly
specific problems do not seem to fit into
the organization of the text and appear
isolated.
There are three overviews of the meta
bolic response to injury and the basic
principles of parenteral nutritional sup
port which present essentially the same
material. There are frequent discussions

of the hormonal changes following ma
jor trauma or infection, both with and
without data to support the postulated
sequence of events.
Omitted from the book is any substan
tial discussion of enteral nutritional sup
port, particularly the use of elemental
diets. There is little discussion of the
complications related to the placement
and maintenance of lines for total pa
renteral nutrition.
Since the book deals with the nutri
tional support of the critically ill patient,
one would anticipate some discussion of
the specific problems frequently asso
ciated with, or the cause of. critical ill
ness. 1 here is no detailed discussion of
the problems related to gastrointestinal
surgery which are such frequent indica
tions for total parenteral nutrition. There
is a need for an in-depth review of the
use of total parenteral nutrition in the
management of enterocutaneous fistula,
complications of Crohn’s disease and
severe pancreatitis.
Apart from these problems, obviously
difficult to avoid in a book created from
conference material, the text is a useful
reference, particularly for those who are
involved in clinical or basic research in
the area of parenteral nutrition.
D.B.

A l l a r d y c e , m d , f r c s [c ]

Department of surgery,
700 West 10th Ave.,
Vancouver, BC

RECENT ADVANCES IN INTENSIVE
THERAPY. Number One. Edited by I.
McA. Ledingham. 257 pp. Illust. Chur
chill Livingstone, Edinburgh; Longman
Canada Limited, Don IVIills, 1977. $32.
ISBN 0-443-01432-9.

Progress in managing the acutely ill pa
tient and the development of “gadgetry”
in intensive care units seem to justify
this first volume of a new series on
recent advances. The present volume is
written by a number of authors who dis
cuss a variety of subjects. Several general
chapters, such as those concerning care
of the critically ill, the selection of pa
tients for intensive care and mobile in
tensive care, deal with primary and sec
ondary transport. The most important
section of the book, however, considers
individual conditions; there are chapters
on massive upper gastrointestinal hemor
rhage, acute pancreatitis, coagulation dis
orders, diabetic/hyperosmolar states, he
patic failure, pulmonary thromboembo
lism, sepsis due to gram-negative bacilli,
cardiogenic shock, acute renal failure and
poisoning with paraquat, salicylate and
acetaminophen.
The chapters are of varying quality.
The sections on gastrointestinal hemor
rhage and management of coagulation
disorders are outstanding. A bibliography
is provided with each chapter and for
the most part is up to date. The book
has a place in all intensive care units
of hospitals and in the library of any
physician or surgeon who is involved
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with medical or surgical emergencies.
I van T . B eck, m b , ph d, frcp [c ], facp

Director, digestive diseases unit,
Queen’s University,
Hotel Dieu Hospital,
Kingston, Ont.
RECONSTRUCTIVE MICROSURGERY.
Rollin K. Daniel and Julia K. Terzis.
491 pp. Illust. Little, Brown & Com
pany (Inc.), Boston, 1977. $48.50.
ISBN 0-316-17255-3.

Doctors Daniel and Terzis have succeed
ed in welding this text on reconstructive
microsurgery into a book with continuity
and balance.
The first of the three sections, on
fundamentals, deals with the basic tools
— the microscope, microsurgical instru
ments and sutures. It is well illustrated
and written in a simple, authoritative
style that is easy to follow. The historical
presentation outlining the development of
the craft is both interesting and useful.
Frequent references to the cost of items
shows the authors’ awareness of the fi
nancial problems of setting-up a microsurgical laboratory.
The first chapter in the section on
microvascular surgery presents an order
ly discussion of the basic sciences and the
art of microvascular anastomosis. The
clear text and illustrations, and the ex
cellent photographs make this a most
valuable section. Graded exercises aimed
at perfecting the novice’s technique are
explained in basic terms leaving no room
for error. A subsequent chapter concern
ing replantation of the upper extremity
gives an excellent resume of the present
status of replantation. The single case
presentations which follow, though in
teresting, are not of the same educational
value. The final section of this part of
the book, dealing with free tissue transfer,
truly reflects the title of the book and
indicates an exciting new horizon for fu
ture generations of surgeons. Free trans
fer of integument, bone, muscle, nerve
and jejunum, to mention but a few, are
illustrated.
Neural microsurgery is introduced by
a presentation of the exciting knowledge
of the structure and physiology of peri
pheral nerves both in health and after
traumatic injury. In the following chap
ters emphasis is on adequate preparation
in the laboratory for the clinical tasks
ahead. A scheme of graded exercises is
designed to this end and various types of
nerve repair are presented, illustrated and
discussed. Though not as spectacular as
its counterpart in the microvascular sur
gery section, the clinical section must be
studied by all those who deal with nerve
injuries.
A bibliography consisting of over 900
references and quoting work up to 1976
is one of the most up-to-date I have
encountered.
In summary, this extremely well pres
ented, richly illustrated book provides
the most recent information in the field
of microsurgery through its strong, me
thodical and thorough approach to this

subject. The book should become a clas
sic text in its field.
M.F. Stranc ,

m b , ch b , frcs

Head, section of plastic surgery,
Health Sciences Centre,
Winnipeg, Man.
SPINAL DISORDERS. Diagnosis and
Treatment. Edited by Daniel Ruge and
Leon L. Wiltse. 444 pp. Illust. Lea &
Febiger, Philadelphia; The Macmillan
Company of Canada Limited, Toronto,
1977. $49.95. ISBN 0-8121-0452-8.

In the preface, the authors state that this
book is written primarily for orthopedic
surgeons and neurosurgeons. They have
done an excellent job in fulfilling this
aim as the book offers a detailed descrip
tion of various operative treatments of
the spine in a well-organized manner
with many illustrations.
The text covers thoroughly the em
bryology and anatomy of the spine and
the spinal cord, clinical and investigative
procedures to establish diagnosis, trauma
tic injuries and surgical management.
One of the major drawbacks of this
text is the lack of detailed information
on the medical and-rehabilitation manage
ment of paraplegia which is the most
important part of treatment after the
acute stage in patients with spinal cord
injuries.
Information in the last two chapters on
surgical management of pain and spas
ticity, which are the two most important
and complex problems in paraplegic pa
tients, is unfortunately rather sketchy and
incomplete.
This book will be quite useful to the
orthopedic surgeon and neurosurgeon in
volved with the care of the various dis
orders of the spine and the spinal cord
in the acute stage, but it cannot be recom
mended to any professional involved in
long-term care of patients with spinal
disorders such as paraplegia.
N.D. B haratwal,

md , fr c p [c]

Lyndhurst Hospital,
Toronto, Ont.
VAGINAL SURGERY. David H. N i
chols and Clyde L. Randall. 246 pp.
Illust. The Williams & Wilkins Com
pany, Baltimore; Bums and MacEachem Limited, Don Mills, 1976.
$27.50. ISBN 0-683-06492-4.

well taken. However, the more recent
neurophysiologic and neuropharmacologic
basis which is paramount to the under
standing of vaginal and bladder problems
has been omitted at this point.
The reduction in maternal injuries des
cribed in the second chapter has contrib
uted significantly to improvement in va
ginal care and long-term problems and
the chapter provides an excellent histor
ical review of this aspect.
In chapters three and four, the ana
tomical and traumatic reasons for genital
prolapse are discussed with some com
ments on the prophylactic and conserva
tive preventive measures available. Again,
other contributing factors are not con
sidered nor is any discussion of the symp
tomatology. The relation of genital pro
lapse to newer theories of neurophysio
logy is omitted.
The chapter describing the choice of
operation and the general comments in
cluded there are valuable, but reference
to the work of Green and Ball is some
what redundant in view of recently gained
knowledge on physiology and the excel
lent results based on this knowledge
which have been obtained with newer
pharmacologic preparations. Certainly, al
though the text is entitled “Vaginal Sur
gery” there must be some place for
greater emphasis on the conservative
management of many vaginal problems.
The chapter on pre- and postoperative
care includes a great deal of excellent
information of a general nature. Many
frequently encountered problems, how
ever, are not dealt with and the recent
preventive use of antibiotics has been a
hotly debated issue.
The use of an indwelling catheter has
been supplanted by the use of suprapubic
drainage in many cases and voiding dif
ficulties encountered once an indwelling
urethral catheter has been removed are
not mentioned at all.
The chapters on individual methods of
repair provide an excellent review of the
many modes of therapy and include some
interesting personal techniques. The chap
ter on enterocele repair, a common con
dition which, for most vaginal sbrgeons,
is extremely difficult to manage, is given
very brief consideration and yet inversion
of the vagina, a rare entity, is discussed
in a rather lengthy, albeit interesting,
chapter.
Overall, this is an interesting, wellwritten text of historical significance
which should be on the reading list of
all trainees in vaginal surgery.
J. Shuber ,

md , frcs [c], facog

The basic anatomical and structural basis
for all vaginal surgery is beautifully deli
neated in this publication.
The chapter breakdown constitutes a
logical approach to the architecture of
the area and to some of the problems in
repair.
The first chapter outlining the anatomy
is meticulously done and readers will ben
efit from the vast experience of the
authors in their descriptions of personal
experiences and techniques. The observa
tion that surgical anatomy in the living
differs from that which is ordinarily
taught based on cadaver dissection, is

Contrary to the impression conveyed by
the title, this is not a subspecialty text-
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Department of obstetrics and gynecology,
Mount Sinai Hospital,
University of Toronto,
Toronto, Ont.

VENOUS PROBLEMS. Edited by John J.
Bergan and James S.T. Yao. 613 pp.
Illust. Year Book Medical Publishers,
Inc., Chicago, 1978. Price not stated.
ISBN 0-8151-0686-6.

book but a report of a symposium held
in Chicago in 1977 in honour of Dr.
Geza de Takats.
The book is well organized and in
spite of its symposium format is in fact
a monograph on venous diseases repres
enting the current state of knowledge.
The material is divided into sections
covering basic physiology and venous cir
culation, chronic venous insufficiency,
diagnosis of venous thrombosis, venous
thromboembolic disease, the post phlebitic syndrome and the prevention of ve
nous thromboembolism. In each section
the editors have written a brief introduc
tion, the pertinent papers are presented,
and are followed by the discussion that
took place after each section. This sym
posium was not a forum for the presen
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portunity to consolidate and summarize
the present body of knowledge on venous
diseases. The result, in the form of this
book, is in many ways more valuable
than a formal textbook and certainly is
more interesting. The list of 52 contrib
utors includes all the names that any
physician interested in disease of the ve
nous system will recognize as those largely
responsible for our understanding of such
disease, its prevention and its treatment.
In view of the large number of contribu
tors the editors have done a creditable
job of presenting an organized, integrated
and readable monograph.
There are a few criticisms which ine
vitably reflect my personal views and
biases. Varicose veins are discussed under
the heading of “chronic venous insuffi
ciency” which may be inappropriate. It is
perhaps to be expected that in a sympo
sium such as this, the more complex
problems of venous diseases should be
discussed at greater length than varicose
veins but the latter is so common a prob
lem that I believa it merits more de
tailed analysis. Only a few of the many
operative options in treating varicose
veins are discussed and there is no men
tion at all of the stab avulsion technique
used for varicose veins in the lower leg.
The technique of injection compression
sclerotherapy is described in detail and
has accompanying illustrations. This is
timely in view of the reluctance of some
surgeons to accept this technique as a
useful alternative. In the section on ve
nous thromboembolism there are some
characteristically enthusiastic contribu
tions on the value of iliofemoral throm
bectomy, vena caval interruption and
vena caval umbrella filtration. It is by
no means clear from these contributions
whether the bottom line on the balance
sheet for patients is positive or negative.
Failure of “adequate anticoagulation”,
for example, is not strictly defined and
the material here is unlikely to sway the
opinion of surgeons who feel that these
are techniques desperately looking for
an application.
In summary, this book is a subspecially monograph which is unlikely to in
terest the general physician or surgeon
but will appeal to vascular surgeons and
to those with an interest in the manage
ment of venous problems.
C.J.

Robins Canada Ltd., A.H.
All bee C-550

292

Ross Laboratories

Ensure

310,

384

Smith Kline & French Canada Ltd.
Tagam et

314,

315

Upjohn Company of Canada, The
D alacin C
332, 333
G elfoam
356, 357
Solu-M edrol
392, 393,

394

Winthrop Laboratories
M arcaine

396

Department of surgery,
University of Saskatchewan,
Saskatoon, Sask.

311

Searle Company of Canada, G.D.
M etam ucil

W r i g h t , m d , f r c s [c ]

294,

295

THE YEAR BOOK OF UROLOGY,
1977. Edited by John T. Grayhack.
392 pp. Illust. Year Book Medical Pub
lishers, Inc., Chicago, 1977. Price not
stated. ISBN 0-8151 -3911-X

This volume provides a vast amount of
information, succinctly culled from the
literature by the editor with supplemen
tary editorial comments by Drs. William
Boyce, Casimir Firlit, Lowell King, John
Nanninga and Thomas Stamey.
Grayhack has shown considerable skill
in his selection of articles for review;

he has included most of the current
problem areas in urology — oncology,
urodynamics, pediatric urology, advances
in surgical techniques, stone disease and
infection.
As in the past years, there is a list
of questions concerning these various
topics, which is invaluable for those pre
paring for examinations.
The editorial comments throughout the
book are appropriate and in many in
stances include further references for the
reader to consult, thus providing very
adequate information on the topic under
study. Brief replies to editorial comments
by the principal authors of the articles
reviewed would seem, however, to be a
worthwhile addition to the 1978 year
book.
The layout of articles is on an ana
tomical basis with appropriate pathologic
subsections. The material presented ap
pears adequate in all areas; occasionally
is there an excess of numerical data mak
ing recall difficult. In most articles re
viewed, however, a conclusion is included.
1 believe this book, as in the past,
serves as an immediate and easy source
of information for the practising urolo
gist and for the resident in training and
also serves as reference manual.
A n d r e w W . B r u c e , m d , f r c s [c ]

Professor and head,
Department of urology,
Queen’s University,
Kingston, Ont.

KIDNEY FOUNDATION
RESEARCH FELLOWSHIPS
Alberta, Canada

1980-81
Applicants invited for two Post
doctoral Medical Fellowships in
Nephrology or Urology to run
concurrently from July 1, 1980 at
the University of Alberta, Edmon
ton and The University of Calgary
(Faculty of Medicine).
Interdisciplinary training in basic
research and/or clinical investi
gation available. Programs pro
vide opportunity for full enroll
ment in School of Graduate
Studies.
Salary concordant with qualifica
tions and prior training to maxi
mum $30,000 per annum.
Fellowship is for one year but
second year application antici
pated.
For application form s contact:
KIDNEY FOUNDATION
OF CANADA
Alberta Branch, 1404
836- 5 t h Avenue S.W.
Calgary, Alberta T2P 0N5
Canada
APPLICATIONS NOT ACCEPTED
AFTER OCTOBER 31, 1979.
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